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Foreword 
In November 1993, 42 European countries have agreed in Maastricht, the 
Netherlands, that their nature conservation administrative bodies will in close 
co-operation create a transboundary European Ecological Network (EECON.ET). They 
have recognised that it is crucially important for the future of our overcrowded Europe 
to restore habitats and to conserve the chains of both designated and non-designated 
but still valuable sites that have preserved their natural or near-natural conditions. 
River Corridors, i.e. the chains of riparian habitats, are of outstanding importance 
in the Carpathian Basin from the aspect of wise use technologies and the biological 
diversity. It certainly requires particular responsibility and a good sense of diplomacy 
to organise scientific research, nature conservation or regional development 
programmes that involve several countries, nevertheless, the protection of riparian 
ecosystems cannot be successful on some arbitrarily selected part of a catchment area, 
and is impossible without the partnership of local governments, farmers, authorities, 
institutes and all other stakeholders. 
The nationalities, of the Carpathian Basin live in a remarkably variegated and 
biogeographically diverse area. Living in a single basin, however, also incurs 
numerous common tasks and responsibilities for the governments in the fields of 
environment protection and nature conservation. It is a wonderful experience, when 
non-governmental organisations, research and education institutes join their forces to 
make a complex: geographical, biological, hydrobiological and ecological inventory 
on a multinational river and its flood plains, following a unified and internationally 
supported concept and methodology. This has happened in the case of the Koros/Cri? 
rivers. Together with some colleagues, I am fortunate enough to be able to actively 
participate in the establishment of the Hungarian Ecological Network; moreover, we 
had the honour to take part in the elaboration of the EECONET concept. Our team have 
the opportunity to contribute in effect to the conservation and survival of valuable 
wetlands such as riparian ecosystems by legislative work and the application of laws, 
research and, habitat restoration programmes, site protection and the establishment of 
national parks. We, think that the close collaboration of the Romanian and Hungarian 
nature conservation bodies is of utmost importance, between governments, NGO's and 
researchers alike. 
After similar publication on The Maros/Mure$ Valley this is the second volume of 
the scientific summary of an outstandingly valuable and complex 
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Hungarian-Romanian project. The Hungarian Ministry of Environment and Regional 
Policy has found the publication of this remarkably successful project worthy of 
support, especially because of the most convincing results in the Upper Tisza region. 
Initiated and organised by non-governmental organisations, namely the Tisza Klub 
(Szolnok, Hungary) under the leadership of József Hamar and Andrei Sárkány-Kiss 
from the Liga Pro Európa (Tárgu Mure?, Romania), the project also received 
indispensable support from numerous universities, research institutes, environmental 
and nature conservation administrative bodies and the students of the Babe$-Bolyai 
University. 
I hope this project and publication will be a good example for many people across 
Europe for a delightful co-operation between two neighbouring countries. I am 
convinced that the database here published will be widely and successfully used, by 
governmental and non-governmental organisations and scientific workshops alike, as 
we work together to fulfil our common tasks. I am also convinced that we will not have 
to wait long for the continuation of this project and for its international support... 
Dr. János Tardy Ph.D. 
Deputy Secretary of State 
Head of National Authority for Nature Conservation, 
Ministry of Environment and Regional Policy 
Hungary 
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Description of the sampling sites along the rivers 
in the Cri$/Koros' Basin 
Andrei Sárkány-Kiss, Nicolae Gáldean & Nicolae Miháilescu 
Introduction 
The multidisciplinary study carried out through the Cri$/Körös project was followed 
by a database, which reflects the ecological condition of these rivers. On the basis of these 
primary data we can follow the tendencies of modification in the future according to the 
studies of the monitoring system. These studies will create the possibility of elaboration of 
some prognosis and of some environmental protection measures or to create the basis of 
the ecological projects. Of course these primary database call the attention to the questions 
of the of pollution and damage processes. Arranging the sampling sites of the chemical and 
biological samples we tried to take into consideration the study prospects of the monitoring 
system. According to these ideas before the expeditions and field works we studied each 
river in its parts. Taking into consideration the geological, geographical characteristics and 
the possible sources of pollution the sites were placed in that way to have a station before 
and after the primary pollution sources. In the same time we took into consideration the 
zones which exist in their natural condition with a high biodiversity. They deserve great 
attention according to their protection. We took into consideration the influences of the 
most important tributaries, where we also marked out sampling sites. 
The research was done during expeditions and the whole team travelled from the 
quarters by cars along the rivers. 
Between 5-18 August of 1994 the Cri?ul Alb/Fehér-Körös, Cri§ul Negru/ 
Fekete-Körös. Kettős Körös and Hármas-Körös rivers were studied. During the expedition 
between 20-28 July of 1995 the Cri§ul Repede/Sebes-Körös and Barcáu/Berettyó rivers 
were studied. On the enclosed map we give the position of the sampling sites. In some cases 
the numbering of these sites does not follow the river-run but respects the chronological 
order of their study. In their description we respect their succession along the rivers. There 
is mining exploitation in the catchment area of the Cri$ul Alb and Negru. This fact is not 
mentioned in the description of certain sites because the pollution has no marks. Most 
probable the heavy metal content of the organisms is due to this activity. 
The organisers of the project "Crijul Negru, Cri$ul Alb 1994 " and "Crijul Repede, 
Barcáu 1995 " asked the authors to study the bibliography in order to be able to make 
1 The first name is Romanian, and Jhe second Hungarian. 
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conclusions according to the tendencies of modification. For checking certain data many 
members of the team went back in the following years to some rivers and sampling sites in 
different periods of the year. 
The description of the sites 
Cri?ul Alb/Fehér Körös 
Site CA 1 -Cr i§ 
It is before Cri$ village, 5-6 km before the river spring where the riverbed has an 8.1 
m width. The valley is wooded but many deforestation zones exist or zones with scrub 
vegetation. The river is in 80-90 % overshadowed by trees and bushes, which surround the 
riverbed. The course has a mountain-character with fast running water, that runs in a 
riverbed composed of coarse gravel and boulders in a silty matrix; in some places the native 
rock appears in slabs. On the stones of the riverbed a thin silty film, a few moss and algae 
can be observed. After the rocky forms in the riverbed smaller habitats appear with slower 
water run and with finer sediment. The maximum water deep is under 80 cm. 
Site CA 2 - Miháileni 
It is situated about 10 km after the first site, close to Miháileni. There is no vegetation 
on the river banks; the river course is completely changed. The watercourse is disturbed by 
the construction of the dam, close to the sampling site. Near the river exist big excavated 
holes filled with water. Only a thick layer of algae settled down on the stones. The 
constructions slowed down the river course and the riverbed was fragmented. Small gravel 
isles were created. The slow water run creates fine sediment on the stones favourable for 
the organic layer. The riverbed partly preserves big stones conserving the reophyl fauna. 
Site CA 3 - Brad 
After Brad town the river width is 10 - 12 m. The river bank vegetation is the scrub 
that partially shadows the water. The river-bed is gravelled, but close to the right bank there 
can be found bigger stones, too. At Brad residual and wastewater flow into the river, and 
the water output cannot dilute it. The gravels are covered with a brown, smelly layer. Close 
to the banks the slower water run deposes muddy sediment rich in organic matters. Only 
the Hirudinea and Oligocheta species live in this sediment During the floods the water level 
grows with 1 - 1.2 m that carries away the sediment and cleans the river bed. 
Site CA 4 - Aciufa 
Before Aciufa the valley becomes tighter and the slopes are covered by forests. The 
river width is 15 - 20 m. The left bank is steep, covered by boulders, where the water deep 
is 1.2 - 1.3 m. The right bank is less steep and the shallower water runs on gravelled 
sediment. The stones are covered with a uniform gravel and organic layer. In the slow 




Site CA 5 - Alma? 
Before Alma? the river runs in a wider valley. Agricultural lands border the riverbed, 
but the banks are covered with scrubs. The runway is 20 m wide and gravels on a sandy 
bed cover it. Here and there muddy sediment can be found but it contains less organic 
matters than it does at the previous site, so the benthon fauna is very varied. 
Site CA 6 - Ineu 
2 km before Ineu the river flows in a 25 m wide steep and deep river bed. Close by the 
riverbed the embankment ceases the flood area. Here hard clay layers form the riverbed. 
The floods depose stony, gravel sediment on the bottom. The spring and autumn floods 
often mean 2-3 m growth of water level. In the narrow riverbed the speeded up water often 
moves away the sediment. The water deep is 0.5 - 0.6 m in the middle of the bed, but the 
holes in the clay can be 2-4 m wide. In the bank area the quiet water deposes muddy 
sediment. The biocenosis is very rich in this varied riverbed. The water contains many 
dissolved nutritive, it has a high trophic level proved by the presence of the rich macrophyta 
vegetation. 
Site Ca 7 - Chisineu-Cri? 
Here the embankment continues on the both sides. The river is 25-30 m wide. On the 
right bank we can found big boulders, otherwise the sediment contains medium coarse 
gravel and fine-grained sand. In deeper waters, exceptionally of 1.5 m deep, it can be found 
muddy sediment, too. The current and the floods often move the sandy sediment so the 
benthonic fauna cannot settle down. The river section rich in submerged macrophyta forms 
an important habitat for the metaphyton organisms. 
Site C A 14 - Gyula 
The 2-3 m deep river flows slowly in channel, pressed between high banks. This reach 
resembles rather to a straight, artificial canal. On the river banks the wooded vegetation is 
poor, but the paludal flora is rich. The slow run favours the eutrophism, the water is 
greenish. 
Cri$ul Negru/Fekete-Koros river 
Site CN 8 - Poieni 
It is found before Poieni village 6-7 km from the river-head. The river is 5-6 m wide. 
The water speed is 0.7 - 0.8 m/sec. The riverbed is rocky without organic layer. In the quiet 
sections sandy sediment and few leaf accumulations can be found. The valley is wooded. 
In general it preserved its natural condition. 
Site CN 9 - After Poieni (Optional site) 
From 5 km of the first site the river is 6-7 m wide. The water is less rapid. The riverbed 
contains smaller boulders covered with a lot of periphyton. 
Site Cn 10 - §tei. 
Due to the many localities the continuous forests are absent. The river is 10-15 m wide. 
The right river bank is steep, close to it deeper zones (1.2m) and rotten, muddy sediment 
rich in organic matter can be found. Close to the left bank the river is shallow and gravels 
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and boulders create the sediment. The household and the industrial wastewater destroy the 
quality of the water. 
Site CN 11 - Borz 
The river flows across a defile, its water accelerates. This is favourable for the 
oxidation of the organic pollution. The watercourse is 15-27 m wide. The rapid run zones 
and riverbed with boulders alternate with the deeper, muddy zones. The right bank is 
generally steeper than the left. The water is rich in nutritives. This is proved by the presence 
of the Myriophyllum species. The black colour of the boulders taken from the sediment 
reveals the organic pollution coming from the town. This colour is caused by the H2S 
coming from an intensive bacterial activity (H2S reacts with Fe compounds). Woods cover 
this Strait in 40-50%. 
Site CN 12-Tinea 
The river gets to the plain, agricultural lands lie in its valley. From now on the riverbed 
is restricted into embankments. The river is 35-40 m wide and it slows down. The riverbed 
is covered with coarse gravel and boulders embedded in the muddy sediment. They are 
completely covered with algae. The bank area is covered with thick layer of sandy mud. 
The submerged macrophyta vegetation is very rich. 
Site CN 13 - Zerind 
In the narrower (30-35 m) and relatively deep riverbed the water slightly accelerates. 
On the right bank area the river deposes muddy sand. On the steeper left bank the bed is 
covered with coarse gravels, this is emphasised by the rocks that strengthen the bank. The 
presence of the boulders becomes favourable habitats for the benthon grubs. In its gaps we 
found an Astacus astacus, but this species has only a sporadic occurrence. 
Site CN 15-Gyula 
Before meeting the Cri$ul Alb the Cri$ul Negru reminds us of a ditch, too. The river 
is 2-3 m wide has a slow run and paludal vegetation is rich on the bank zone. The middle 
of the watercourse is sandy, the bank area is muddy. 
Kettős-Körös river 
SiteK 16-Békés. 
After the meeting of the river Cri$ul Alb and Crijul Negru the river has a very slow 
run before its inflow into the Tisza river. The water surface is completely covered by 
Lemna association. In the bank zone the riverbed is covered with muddy clay, in the middle 
it contains muddy sand. 
Cri$ul Repede/Sebes-Körös river 
Site CR 1 - Drágán Creek 
The sampling site is situated 9 km before the inflow of the DrSgan creek into the Cri$ul 
Repede/Sebes-Körös river. The valley is covered with continuous forests. The riverbed is 
10-15 m wide. The water speed is 0.8 m/sec. It is a uniform riverbed, formed by big 
boulders seated on a sandy bed. There is much detritus on the boulders (allochthonous 
organic matter), deposits of leaves and pieces o wood. The average depth of the water is 
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20-30 cm. A dam built on the upper section of DrSgan Creek gathers the water amount from 
the upper reach of the creek. Through an underground canal the water is directed to the dam 
lake in the lad valley. 
Site CR 2 - Dam lake of the DrSgan 
At the upper part of the dam lake, at the inflow of the Zerna brook lies the sampling 
site. Where the brook flows into the lake it deposes a great amount of coarse sand and silty 
grains, and a large quantity of detritus (leaves, pieces of wood). The raising of the water 
level (the water level is controlled according to the energetic requirements) pushes the 
sediment inside the lake. 
Site CR 3 - lad Creek 
After Remeti locality with 5 km we timed 0.95 m/sec water speed as it flowed out from 
the dam lake in a wide river bed. The water level and the water speed are fluctuating 
because of the energetic use of the dam lake. The substratum is composed of boulders or 
rocks covered by thick biotecton. 
Site CR 4 - lad Creek upstream confluence 
Before its confluence with 500 m into the Crijul Repede the water speed is high, 1.3 
m/sec, and the water temperature is very low, 10 °C. This is due to the low temperature 
water running off from the lower layers of the dam lake. The temperature changing can 
reach a difference of 10 °C. The arithmic run off causes an important water level 
fluctuation. The substratum is composed of boulders. 
Site CR 5 - §aula 
After the spring with 5 km the river meanders on a hilly and plain area. The river is 
3.5 m wide; the water speed is 0.3 m/sec. The bed is composed of coarse sand and gravel, 
with mud and organic debris. The organic matter comes from the paludal vegetation on the 
bank area, as well as from the swampy springs. 
Site CR 6 - Bologa. 
The river is 5-8 m wide; the water speed is 0.5 m/sec. The right bank is composed of 
big granite boulders, the riverbed is covered by gravels, here and there by coarse sand. Only 
along the left bank a 30-60 cm zone is covered by muddy sediment. The arborescent 
vegetation shadows the riverbed on the bank. 
Site CR 11 - Ciucea 
The river approaches the Apuseni mountains, the water speed is higher, 0.6 m/sec. 
Forests cover the valley. The river is 10-17 m wide. The riverbed is composed of big, 
rounded boulders and coarse sand. Grained sandy sediment is found only at the quiet bank 
zone. In the banks area Poiamogeton crispus is present. This refers to the presence of the 
nutritive, which disintegrated from the organic matters on the upper reach. 
Site CR 8 - Stana de Vale 
The wooded valley becomes narrower, and the river has mountain characteristics. The 
riverbed is 17 m wide; the water speed is 0.64 m/sec. The substratum is unequally covered 
with gravels, without grained sediment. 
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Site CR 9 - Vadu Crijului 
The river arrives in a limestone strait; the river is 25-30 m wide. The water speed is 
high, 1.5 m/sec. Along the steeper right bank the water is deeper than 2 m. The riverbed is 
composed of boulders and native rock, rounded big boulders can be found only along the 
left bank. 
Site CR 7 - Ale?d 
After Alejd town the valley widens, the continuous forests are absent; the bank area 
vegetation is poor. The water quality is destroyed by run off of the household wastewater. 
The river is 45 m wide, the water speed is 1.33 m/sec in the current. The riverbed is 
uniform, covered by gravels, the grained sediment is absent because of the rapid flow. 
Site CR 13 - Ale?d dam lake 
We preserved the fieldwork name of the sampling site, although this site lies after 
Ale?d in the neighbourhood of the second dam lake and Tileagd village. The bank of the 
lake is largely cemented, the maximum deep before the dam was 12.5 m, during the study. 
The substratum of the recently built dam lake is slightly covered, only a few representatives 
of benthonic associations were found. The river deposes a great amount of muddy sediment 
in the upper part of the lake. After the lake the river is directed to a cemented canal from 
its old bed, which means unfavourable conditions for the aquatic organisms. Only a little 
water is in the old bed, the gravels are covered with filamentous algae, in spite of it varied 
benthonic fauna can be found. 
Site CR 12 - Fughiu 
The river flows on a plain area, agricultural lands border it. The river is 50-60 m wide. 
Here and there the water speed is high (1.2 - 1.6 m/sec), but in the slow reaches the water 
deep can exceed the 2 m. The river bed is composed of gravels and boulders, the banks area 
is muddy. Here is built the third dam lake, the works move a great amount of sediment on 
the flood area, so holes and ditches full with water were formed temporary after is greenish. 
Site CR 10 - Cheresig 
The sampling site is 30 km after Oradea town after the piggy at Cheresig, close to the 
Hungarian -Romanian border. The river flows in a deep bed, between narrow banks. In the 
deep waters we found grained, muddy sediment, while in the shallow waters we found 
compressed gravel-sand sediment. The water is turbid, greenish and lightly stinks because 
of the wastewaters. This refers to eutrophical condition. In the shallow waters 
macrovegetation developed. 
Site CR 14-Szeghalom 
Before the river meets the Kettős-Körös the river is 60-70 m wide, the paludal 
vegetation is rich, here and there willows grow on the banks. The water speed is 0.3 - 0.4 
m/sec. The riverbed is uniform, regulated. 
13 
Barcau/Berettyo River 
Site B 1 - Trout farm 
After the trout farm the BarcSu river have the characteristics of a mountain brook, it 
has a totally shadowed course. The river is 5 m wide. The substratum is composed of 
boulders on coarse sand. 
Site B 2 - Boghij 
The river is partially shadowed by the scrub vegetation, but continuous forests do not 
cover the valley. The riverbed is composed of coarse sand and muddy river banks. 
Site B 3 - Suplacu de BarcSu 
The river flows in a clayous, narrow, deep bed. In the middle the deep reaches the 1.5 
m depth. The riverbed is covered with thick muddy sediment in the bank area. In spite of 
the pollution we have found an Astacus astacus species. 
Site B 4 - S§ntimreu 
Marghita town strongly pollutes the river, and the petroleum pollution is very strong, 
too. The Spaerotlius natans settlements prove the presence of the organic matters. At the 
sampling site the situation is better, in the muddy sediment we found some Sphaerium 
riviculum mollusca species. 
Site B 5 - Szeghalom 
The riverbed is deep, it is regulated between banks, and rich paludal vegetation can be 
found in the bank area. On the banks thick muddy sediment is deposited. The marks of the 
great oil pollution of 1994 are still visible. Stirring the muddy sediment the iridescent 
petroleum spots still float on the water surfacc. 
Andrei Sarkany-Kiss 
University Babe$ -Bolyai 
Department of Ecology-Genetics 
Str Clinicilor 5-7 
3400 Cluj, Romania 
Nicolae Galdean 
Muzeul de Istoria Naturala "Grigore Antipa " 
$os. Kisseleff 1. 
79744 Bucurefti, Romania 
Nicolae Mihailescu 
Institutul Biologic Bucurejti 
Str. Ecaterina Teodoriu 19. 
78108 Bucurejti, Romania 
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Hydrographie description 
of the Körös/Cri§' riversystem 
Mihály Andó 
Introduction 
Concerning the dimension of their catchment area, the Körös Rivers, situated in the 
western system of the Erdélyi Szigethegy ség/Muntii Apuseni, are the second among the 
tributaries of the Tisza/Tisa River. The catchment area collects the waters of 27,537 
sqkm.The backbone of the river-system consists of five rivers running together like the 
form of a fan: they are the Fehér-Körös/Cri§ul Alb, the Fekete-Körös/Cri§ul Negru, the 
Sebes-Körös/Cri§ul Repede, the Berettyó/Barcáu and the Hortobágy-Berettyó, of which 
the first four get their water from the western slopes of the Erdélyi Szigethegység, whereas 
the last carries off the waters of the Tiszántúl (the plain east of the Tisza River). The highest 
peak of the Bihar/Bihor Mountains, which forms the main bulk of the Erdélyi 
Szigethegység, is the 1849 m high Nagy Bihar/Curcubáta, but Vigyázó/Vládeasa, situated 
at the northern edge, isn't much lower either, with a height of 1838 m. In the western part 
of Nagy Bihar, at a height of 1460 m, the Fekete-Körös River rises, and towards the south, 
on the slopes of Erdélyi Erchegység/Munjii Metaliferi, at a height of 980 m the 
Fehér-Körös River rises. 
The distribution of the catchment area according to height is 0.2% high mountain 
(2900-1600 m), 0.5% mountain of medium height (1200-400 m), 20.5% hill (400-200 m), 
52% plain (100-70 m). The size of the catchment area is 27,537 sqkm, total length of the 
rivers is 3345 km, of which the length of the Fehér-Körös River with its tributaries is 645 
km, that of the Fekete-Körös River with its tributaries is 910 km, the length of the 
Sebes-Körös together with its tributaries is 80 km. The Körös Rivers, the Fekete-, the 
Fehér- and the Sebes-Körös, are significant rivers flowing across the western part of the 
Erdélyi Középhegység. They collect and transport the waters of the Réz/Plopisului 
Mountains, Vigyázó, the Bihar Mountains, Királyerdö/Pádurea Craiului Mountains, 
Béli/Codru Mountains, Erdélyi Érchegység, and the Zarándi/Zarandului Mountains)" 
1 The first name is Hungarian and the second Romanian. 
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In the east the catchment area is separated from the Szamos/Some? River and the 
Aranyos/Arie? River, a tributary of the Maros/Mure? River, by the Bihar Mountains. The 
eastern part of the mountain range dips steeply into the Transylvanian Basin; to the west, 
however, it sends out huge branches towards the Tisza River. In quite a lot of places the 
watershed runs not along the peaks of higher mountains elevated by volcanic eruptions and 
broken by chasms, but along the more smoothly-sloped ridge of the lower ancient mountain 
range (Fig. 1.). 
Fig. 1. Catchment of the Körös river system (by VITUKI) 
tivtwk 
THE CR15/KÖROS CATCMENT 
R O M A N I A 
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The orographical and geological features of the river-system 
The regional relief of the mountains have a structure distinct from one another, the 
Transylvanian Szigethegység is characterised by a rock mozaic, which consists of mainly 
crystalline, volcanic and sedimentary rocks. Structurally it consists of three parts: 
1. Bihar Mountains. 
2. The Béli Mountains in the north-western regions. 
3. The mountain chain consisting of sedimentary rocks, along the Maros River in the 
southern regions. 
The central parts of the mountains are the crystalline mass of Bihar (1849 m) and the 
Gyalu crystalline rock featuring a so-called 'Öreghavas' granite intrusion. The rock has 
suffered clotting and tectonic restructuring. Its surface is sporadically covered by Upper 
Palaeozoic, Tertiary , Jurassic and Lower-Cretaceous epicontinental sedimentary patches 
amongst Permian-Cretaceous formations " 111516). 
Orographically, the Bihar autochton is divided into two parts by the Vigyázó banatite 
massif. Neogene intramontaneous sedimentary basins can be found between the bare 
Meszes/Mere§ului and Réz Mountains in the north west as well as the Mesosoic topped 
Királyerdő crystalline formations. The sedimentary cover of the southwestern part of the 
autochton is divided by transversal faults forming uplifted blocks in the north and 
downthrown ones in the east. These blocks have a step-like structure with a general slant 
to the west. The highest step in the Northeast is the ravine of the Meleg-Szamos/Somejul 
Cald, the second Southwest bound one is the chalk of the Pádis/Padi$ block. 
The final structural touches of mountain-formation were added by the Upper 
Cretaceous movements of the Earth's crust. In the Laramian the mountains acquired an 
uplifted position, followed by vast erosion. According to our present knowledge, during 
the Palaeocene this area must have been dry land. That is when the first tropical, a wetter 
and warmer denudation phase must have taken place. 
Banatite magmatism, playing a major role in the structural evolution of the mountains 
began after the Laramian and lasted until the end of the Eocene. In the Neogene (Badenian) 
the mountains became dismembered, intramontane depressions were formed 
Báród/Borozel, Belényes/Beiu? and Zanárd/Z3rand Depressions into which a Middle 
Miocene brackish sea intruded " " ",J2>. 
Thus, the era of the major mountain-formation is the Upper-Tertiary. This 'Carpathian 
Orogenesis' wrinkling the outer ring of today's major ranges in Central Europe was only 
capable of causing faults in the inner mountaneous areas. It was during the formation of 
these faults that the large interim body forming the inner area of Hungary subsided and 
gained its present relief, including, among other inner mountains, the Bihar Mountains. 
There are two dominating fault orientations in the mountains, one stretching from the 
Northwest to the Southeast, the other from the Northeast to the Southwest, the latter being 
predominant in the mountain's formations. Such is, for example, the Drágán fault line. 
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Fig. 2. Catchment areas of the Bihar Mountain (by Mátyás V.) 
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separating a crystalline slate area in the Northwest from the Vigyázó dacite-andesite 
eruption domain. These two diagonal orientations, predominant within the whole of the 
Carpathians with faulty structure, are especially apparent in the Hungarian Range. The fact 
that the Northeast - Southwest oriented faults can only be traced in the internal structure of 
the Bihar Mountains, whilst Northeast—Southwest bound ones can be found in the 
marginal areas of the depressions with Pliocene sedimentation as well, allows the 
conclusion that the latter is the younger one. 
Another direction that can be traced in the outer areas of the mountains rather than in 
the inner formations is the north - south oriented subsidence of the central part of the Bihar 
Mountains, the so-called Nagybihar, towards the Fekete-Körös Basin. Here the boundary 
between the older formations and the Neogene basin sedimentation is so clear-cut and 
straight, the western slope of the mountains drops so steeply from a height of 1800 m to the 
basin of about 300 m that the only phenomenon we can think of here is a normal fault ""'. 
The fault adjacent to the Fekete-Körös Basin can further be traced northward up to the 
ravine of the Sebes-Körös. Here, locally, it takes on a West-Northwest—East-Southeast 
orientation and the depression is filled with Miocene sedimentation. 
Hydrologically speaking, the directions of these structural faults are in close 
association with the karstic plateau in the Apuseni mountains. One of the most imposing 
of them is the 'Padi?' Plateau, spreading over about half of the plateau area and is 
considered to be the largest hydrographic depression in the north (Fig. 2.). The depression 
is surrounded by 1200 to 1600 m high mountains with highly impermeable rocks which are 
not pierced by walleyes; Kék Magura/Mágura Vánötá, Varasó-havas/V3rá?oaia, the 
Boga/Boga Mountains, the 0$el, Tüma$ca and Biserica. The smaller and larger stream like 
the Catirol, Reghii, Arsurii, Tringhie?ti and Gárjoaba originate here to create karstic 
features on the surface, later, mostly unseen to the curious eye, under the ground ( 8 1 , 2 '. 
These streams, having covered a couple of kilometres through the foothill terrain 
covered with talus debris arrive at the limestone plateau to disappear in their own gullies 
easily finding simpler of more complicated routes under the ground and surface in the form 
of karstic springs (Fig. 3.). 
Significant limestone plateaus can also be found in the Bél mountains, the Király 
Forest and the Torockó/Coltii Trascáului Mountains. In these limestone ranges can be 
found a significant amount of caves, the longer one is the Szelek/Vanturilor Cave in 
Királyerdő, with a length of 31,338 metres. Until the June of 1977 455 cavities were known 
in the Bihar Mountains with 367 caverns and 88 caves. A total of 66,552 m of channels 
have been traced with a 5,076 m difference in height (Fig. 4.) (S IQ'. 
The geological, tectonic and structural features of the Transylvanian Mountains with 
the limestone terrains had a considerable effect on the hydrographic scenery. The 
depressions formed during the tectonic subsidence in the northern and western foothills of 
the crystalline massif to a great extent have predetermined the direction of the brooks and 
along with the structural rearrangements several isolated mountains were formed of the 
so-called 'Magura' type. 
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Fig. 3. Water system of the Padij-ponor 
The low mountains of the foothills between depressions of the relief gradually 
transgress into a low hilly countryside. This hilly countryside can be traced from the 
Northwestern foothills of the Réz Mountains southwards, down to the Zarándi Mountains. 
The hilly area surrounding the mountains has been vertically pierced by the gullies of the 
rivers (Fehér-Körös, Fekete-Körös and Sebes-Körös), flowing from the mountains. The 
valleys predominantly run from the Southeast to the Northwest but there are ones stretching 
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Fig. 4. Location of caves of the Bihar Mountain (by Bleahu) 
from the east to the north. The flood areas of the valleys is sculptured by the andesite and 
andesite breccia from the country rock. The height of the terrain seldom exceeds 300 m and 
the country rock of the sedimentary rocks is not deep. The rivers of the mountains and 
foothills play a very important role in the valley-formation. Most of the valleys can be 
subdivided into three parts; the upper one is in the mountains, the second one is in the hilly 
area, and the lower section, especially in the case of larger rivers is the Great Hungarian 
Plain or other wider plains in the ravines 113l5 ). 
The development of the ravines is most precisely reflected in the formation of terraces. 
In the Transylvanian Mountains it resulted in 5 to 7 terraces. Chronologically the terraces 
are pedestals of the evolution of the surface. Terraces and ravine plains can be found all 
along the Körös Rivers with the exception of the mountainous stretches and canyons. In 
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the isolated intramontaneous and in the Great Hungarian Plain there arc several areas with 
non-agitated waters, peat and peat bogs. In view of the dip of the ravine and several basins 
it is necessary to drain these areas and make use of the land " " ' " . 
West of the foothills to the ravine of the Tisza River lies the plain of the Körös water 
system. In Romania the western hilly area is not a separate unit, since its relief is 
transitional between a mountainous and a plain one. In its deep structure, thermal springs 
along the fault lines peg out the direction of the faults. The expansion of the plain parts in 
the foreground of the Bihar Mountains is a flat terrain, typically 20 to 60 km wide where 
the dip of the rivers is very small, waters here flow very slowly, in several areas they do 
not flow at all. They try to sort out the difficulty by excavating drainage canals, but, in spite 
of the effort, there are several vast bogs in the region. The stretch in the Plain is 
characterised only by two areas; the lower and the higher plain parts of insignificant area 
(e.g. the 140 m high Nagykároly/Carei plain with sand-hills and dunes and the southern 
Arad and Vinga plains at an altitude of 100 to 112 m) (,"20). 
In the plain section of the Körös Rivers there are terrains of considerably lower 
altitude of 80 to 100 m and this relief has been a problem from hydrographic and 
hydrological point of view. 
Climatic Features 
The catchment area of the Körös Rivers is under the effect of air currents from 
different climatic centres. The most frequent one is the Atlantic impact called the western, 
oceanic cyclone which has an effect throughout the year and lasts, in an alternating fashion, 
several days. It is responsible for 45% of the total of the impact. In wintertime it softens the 
bite of the frost and brings ample precipitation. In summer it brings about changeable 
weather with ample precipitation especially in the northern parts of the catchment area. 
The polar current is Southeast bound and is responsible for 30% of all the climatic 
changes. Mixed with moist air flowing from the northern regions of the Atlantic Ocean 
results in the drop of the temperature, cloud formation and local showers. Occasionally, its 
northern variation spreads over Transylvania in spring, summer and autumn. On these 
occasions temperatures drop considerably. In winter, it causes extreme cold in the 
intracarpathian basins. It is accompanied with blizzards and high winds blowing at 100 to 
150 km.p.h. 
Tropical warm currents are responsible for 15% of the total of the impact. They result 
in the considerable rise of the temperature. Its southern - south-western variety is a body of" 
air, carrying wet, 'Mediterranean' cyclones, whilst the south-eastern variety is an 
anticyclone, responsible for the dog days of the summer. The Mediterranean cyclone is 
more frequent in winter, but it sometimes appears in autumn in the Southwest. It is most 
intluential in the Bánság/Banat, which is manifested in ample precipitation. 
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In winter, air from over the Mediterranean makes the weather milder and, on several 
occasions, causes heavy snowfall in Transylvania. The varied relief of the Körös catchment 
area significantly influences and modifies the effect and characteristic features of these 
currents. The effect of the relief is twofold; on the one hand, due to the differences in 
altitude, at levels of 100 to 1840 m vertical climatic temperature belts are formed. These 
differences in relief and climate are reflected in fauna stratification of different 
composition. On the other hand, the mountains and ranges like dikes tower in the way of 
the air flow. This effect is especially apparent in the case of air flow towards the Ocean. 
On the western side of the mountains the air rises, clouds roll and orographic precipitation 
is formed. In the eastern part towards the Transylvanian basin downward dry winds prevail. 
The ravines and depressions in the varied mountainous and hilly terrain alters the 
direction and effect of the air currents. Temperature inversion, dry downward winds and 
the varying intensity of radiation on the slopes facing west are very frequent. 
The constituents of the weather and climate, namely the sunshine, temperature, winds, 
pressure, moisture content and the distribution and manifestation of precipitation show a 
varied picture against the varying terrain. The amount of sunshine on the plain of the Körös 
Rivers is 120 to 122 kcal/crrf, in the hilly area it averages 115 to 117 kcal, and, on average, 
it is lower in the mountaneous regions due to the deeply dissected terrain and mountain 
slopes. 
According to the terrain, the temperature varies, too. It is the coldest at alpine levels 
of the high mountains, where above an altitude of 1,800 m the mean annual temperature is 
2 degrees centigrade. In mountains of medium height it is 2 to 6 degrees. In the inner 
fore-mountains and foothills it is 6 to 8, approaching the plain of the Tisza River it is 8 to 
10 degrees, and, finally, in the Berettyó - Körös depression the annual mean temperature is 
10 to 11 degrees centigrade. The distribution of the precipitation in the mountainous 
regions also depends of the terrain; 8Ö0 to 1200 mm in the mountains, 600 to 800 mm in 
the hilly part and 500 to 600 mm in the Plain. 
The climatic factor is manifested in ample precipitation. This is coupled with the rock 
quality on the surface. These two factors arc responsible for the density of the water 
systems which, in the west, is 1 km/km: with the exception of the karstic areas where the 
density is much lower, not exceeding 0.7 km/km : even in the eastern parts of the 
mountains" i \ 
Water output is not very high, but considerable hydroelectric systems have been 
established collecting the waters of several local brooks. 
The area of the Körös Rivers in Hungary belongs to the warm, moderately dry climatic 
belt with hot s u m m e r s " 2 0 A s compared to the central parts of the Plain, the climatic effect 
of the Transylvanian Mountains is rather apparent here. This effect is seen in the extra 
amount of precipitation, in the higher number of cloudy winter days, higher percentage of 
moisture in the air, but can be seen in the regional air flow as well. For example, the channel 
effect between the Apuseni Mountains and the North Hungarian Range sets the 
predominant wind direction. Furthermore, in anticyclonic position, a mountain - valley 
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circulation may occur between the verge of the Hungarian Plain (Sárrét), and the 
mountains. 
Due to the position of the Körös catchment area in the Plain, it receives a considerable 
amount of energy; 106 kg cal/cm". At the same time, a considerable percentage of the 
energy is used to evaporate the water from the relatively moist surface, thus, the 
temperature here is not indicative of this extra amount of energy. The annual number of 
hours of sunshine is in close relationship with the amount of cloud. The average annual 
amount of cloud in the area is 55 to 60 percent. This figure means that our locality belongs 
to an area in the Plain with relatively more cloud. 
From the point of view of temperature the area is characterised by extremes. It belongs 
to an area in the Plain with colder winters. Winters are much more severe here than in the 
central and western areas of Hungary. Sometimes, when a cyclone is going across the 
Carpathian Basin from the Adriatic, mild subtropical bodies of air drift northward across 
the area east of the Tisza River, the Transdanubean area is inundated with cold air on the 
back side of the cyclone from all around the Northern Carpathians, the Körös catchment 
area is 12 to 15 degrees milder than the Transdanubean region. The water output of the 
rivers is highly dependent on the distribution of precipitation in time and space, as well as 
its amount. The Körös system is characterised by an extreme variability of water output, 
and an irregularity of the variations. Within the 25,000 square kilometre catchment area of 
the Körös rivers. The Szigethegység play an important part. The water output of the rivers 
flowing from the mountains and the foothills varies according to the amount of 
precipitation in different catchment areas. 
The most important catchment areas relevant to the Körös catchment area are as 
follows: the locality of the Ér/Ier River at 90 m, the Réz Mountains at 700 m. Királyerdő 
at 900 m, the Bihar Mountains at 1800 m, and the Béli Mountains at 1100 m. Since the 
major ravines in the mountains are open in the direction of the flow of the rivers, the latter 
mainly flow from the west to the east. In such an open ravine system straight river valleys 
are formed with a significant dip which flush the Plain with large quantities of water. 
Because of the ease of the water flow, the water output of the rivers changes quickly 
according to the amount of precipitation. High spring-time water tables are normally the 
result of snow melting after winter and not that of immediate precipitation. If the snow in 
the mountains melts quickly the resulting considerable amount of water increases the water 
output of the rivers dramatically at times triggering disastrous floods, like in the years 1872, 
1874, 1919, 1925, 1932, 1966 and 1970. But if thawing takes a while then the slow and 
gradual increase of water output does not pose the threat of floods. Analysing the annual 
amount of precipitation over the catchment areas the quantity of precipitation doubles in 
the higher mountains thus contributing to the water output with a larger amount. Since the 
amount of precipitation over the catchment areas is linked to certain periods rather than 
seasons, floods do not display any close seasonal variation. 
The distribution of precipitation over the Plain areas is of continental character. The 
amount of precipitation reaches its peak in July, and its lowest point in January. In spite of 
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the insufficient precipitation devastating downpours are not unprecedented in this area 
(160 mm of rain in Sarkad, on 18 July, 1938). The annual amount is about 560 mm, slightly 
higher than that in the Hármas-Körös area, not reaching amounts in the Southeast of Békés 
- Csanád a i ). 
Precipitational trends have not changed considerably since the turn of the century. 
Besides the general distribution of the precipitation it is important to know its extremes, 
intensity and frequency. It may generally be pointed out that large quantities of 
precipitation occur at the end of springtime and the beginning of summer. However, this 
does not mean that the amount of precipitation is always sufficient for the agriculture 
(Table 1.). 
Table 1. 
I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 
1. 17 21 28 17 14 17 32 30 39 30 19 20 
1 2- 4 7 12 5 4 2 11 12 15 11 6 6 
The probability, as a percentage, of dry periods of more than 5 days (1) and more than 
10 days (2) from 1930 to 1990 
According to the table dry periods are more likely in March, July, August, September 
and October, when there is much demand for water, therefore irrigation systems and 
modern agricultural technology is a must in this region. 
A Hydrographie Description of the rivers 
The four of the most important rivers of the system, the Fehér-Körös, the 
Fekete-Körös, the Sebes-Körös and the Berettyó River, drain the waters of the Bihar 
Mountains. The Fehér-Körös drains the waters of the Zarándi and Béli Mountains, the 
Fekete-Körös drains the waters of Zarándi and Béli Mountains, as well as those of 
Királyerdő, the Sebes-Körös drains the waters of Királyerdő and the Réz Mountains, the 
Berettyó River collects the waters from the Northern slopes of the Réz Mountains. Their 
long-term annual water output when reaching the country is as follows: Fehér-Körös 
40m3/sec; Fekete-Körös 40m3/sec; Sebes-Körös 20 m3/sec; and for the Berettyó it is 9.2 
m3/sec. 
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Fig. 5. Map of the Vésztő area from I8,h century (by Andró M. edit.) 
I. Wetland; II. Meadow and pasture; III. Dry area; IV. Barrows (Cumanian Hills); 
V. Settlements; VI. Forests; VII. County boundary; VIII. Roads; IX. Streams 
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The catchment area of the Berettyó and Körös Rivers flowing through the Hungarian 
Plain is beyond this country; 
- 93% of the 4,275 km2 catchment area of the Fehér-Körös River; 
- 97% of the 4,645 km2 catchment area of the Fekete-Körös River; 
- 65% of the 9,119 km2 catchment area of the Sebes-Körös and Berettyó Rivers; 
- 75% of the 19,505 km2 catchment area of the Sebes-Körös and Kettös-Körös Rivers 
is in Rumania, 80% of which is a mountainous and hilly region. The initial catchment 
area of the Hármas-Körös River is 19,500 km2 takes on an additional 8,037 km" on the 
Plain, which amounts to a total of 27,537 km2. 
The mountaneous water system has a unique feature, e.g. the ranges of the Réz 
Mountains, Királyerdő and Béli Mountains are mainly stretching from the east to the west 
or Southeast to the Northwest. The surface waters flow onto the Plain through wide gates 
dropping sharply among the mountains. The above rivers, forming a 120 km wide front 
deliver the waters of the mountains to the centre of the Plain seem to jointly trying to wipe 
off the Plain Vésztő and its surroundings before they reach Gyoma. 
The area is roughly a simple network. The four rivers enclose a triangle with one of 
its points in the west, east of Gyoma, where the Sebes-Körös and Berettyó rivers meet the 
united Fehér and Fekete-Körös. Within this triangle we find a jumble of rivers and 
back-waters. All four of the rivers have several branches, all of them have meandered a 
great deal up and down the area leaving behind their old dry beds which get filled with 
water during the floods. There are a lot of bogs without drainage; an effort is being made 
to drain their waters through canals. Vastly spread peat bogs can also be found here, like 
the Nagy-Sárrét, and the Kis-Sárrét. They are surrounded by muddy and argillaceous areas 
enclosed by highly alkaline soil. Before the canals and dikes this area had been a wonderful 
paradise (Fig. 5.). 
According to the character of these rivers, the largest one is the Fekete-Körös, the most 
torrent one is the Sebes-Körös, the Fehér-Körös is slower and the Berettyó is the slowest. 
The Ér and Hortobáiíy rivers only have a periodical existence; they dry out in dry 
au tumns" 6 ' 2 " . 
The catchment area of the Körös Rivers is a meeting-point of extremes; steep dips 
adjacent to plain areas with almost no dip at all; high water output in springtime is followed 
by arid periods in autumn. 
The Fehér-Körös/Cri$ul Alb River 
The river originates in the surroundings of the Aranyos spring on the south-eastern 
slope of the Bihar Mountains. Its spring area is fed by a number of mountain brooks. The 
water, flowing from an altitude of about 1,000 to 1,200 m forms a wild mountain brook 
running as far as the Ribicza/Ribita River. Its dip along this stretch is 17.5 m per one 
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Fig. 6. Water system of the Körös catchment (by Lászlóffy) 
kilometre and it abounds in water. From here, its dip decreases and at Borosjenö/Ineu, 
where the river enters the Plain it is only 50 cm per kilometre, at Gyula it is 20 cm a 
kilometre. Along the 4.7 km stretch from Gyula to the Fekete-Körös its dip increases to 45 
cm a kilometre (Fig. 6.). 
Its total length from the spring to the river Fekete-Körös is 235.6 km. The catchment 
area is 4,275 km2, 298.3 km2 of which lies in Hungary. Before the river regulation it had 
had a lot of off-shoots and bends. During a flood, vast areas got covered with water due to 
the extremely small dip of the river. For example the area of the settlements of Gyula, 
Kétegyháza and Doboz were frequently flooded. Since the river has been regulated it meets 
the Fekete-Körös River in Szanazug in the neighbourhood of Doboz. Once the two rivers 
met under Békés, since the river Fehér-Körös used to flow in the bed of today's 
'Élővizcsatorna' past the settlements of Gyula, Békéscsaba and Békés. 
Plans for the regulation of the river Fehér-Körös were made as early as the 17th 
century. According to these plans a canal would have been built above Borosjen between 
this river and the Fekete-Körös River. This plan has not been completed. Instead, in the 
19th century several canals were dug along the river in Arad county to make waters flow 
faster. This resulted in large floods and bogs along the lower section of the river. As the 
first step of river regulation watermills' dikes have been transferred into the purpose-built 
József-Nádor canal and, simultaneously, riverbeds were cut and parallel levees bui l t u 3 ' . 
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In Békés county this regulation resulted in a 'state of emergency', so here, too, the 
river had to be regulated and the riverbed cleaned. The plans compiled in the year 1855 
involved mainly the regulation of the Békés county section of the Fehér Körös River. The 
plan has not been perfectly accomplished, due to the major flood of 1855 in the area of 
Gyula. Then the Körös River flowing across the town was transferred into a straight bed 
outside Gyula. With the Gyula-Békés riverbed having been completed the authorities of 
Gyula and Békéscsaba are doing their utmost to obtain fresh water. In 1896 the Gyula dam 
was built, the underdam section of which has several times been extended and in the year 
1920 a new underdam canal was built and the dam is still not working perfectly since the 
walls of the canal have been eroded to such an extent that the dam itself and the parallel 
levees are also endangered" ~3>. 
In the 1950s the dam was reconstructed and is in good working condition today. The 
typical figures of water output are 605 m3/sec at its peak, 23 m3/sec - an average and 0.001 
m3/sec at its lowest. The extreme variation of water output is typical of the river. In 
extremely dry summers the riverbed occasionally dries out between the dam and the 
estuary. At present the river's alluvial transport is insignificant, it only transport fine clay, 
hence the name 'Fehér'. 
The Fekete-Körös/Cri$ul Negru River 
It springs from three brooks called Polyána/Poiana, Rézbánya/Báita and 
Petróczi/Petru}. It is fed by a lot of brooks along its section in the mountains. It leaves the 
Apuseni Mountains between Urszád/Ursad and Belényes/Beiu$ and enters the foothill area 
of the Plain where on the alluvial slope it has a very changeable water output. First, the river 
heads Southwest - west then turns Northwest and flows around a very high number of 
bends. Under Tenke/Tinca the Gyepes (in the surroundings of Feketc-Tóti/Táut) shoots off 
the main stream in a northward direction, like Szárazér off the Maros River, it is still water 
today but once it must have been a major river as it can be seen from the large bends and 
flood areas. Having left Tenke the river enters the depression south of Gyepes, and, 
strengthened by numerous intricately flowing streams, it flows into the Fehér-Körös and 
continues to flow towards the Sebes-Körös along a 37 km long route, under the name 
Kettős-Körös"37). 
Before the regulation the Fekete-Körös used to be 236 km long. With its 80 new 
straightened sections under Gyanta/Ginta and the abandoned riverbed under Szanazug its 
length has been reduced to 160 km, 139 km of which is outside the country, along a 5 km 
stretch its a border river and then covers 16 km in Hungary. The altitude 63 km above the 
country border at the Hollod is 123 m, 89 m at the border and 87 m at the estuary. 
Along its 14 km stretch in Hungary it is characterised by middle-section features, 
where the accumulation of alluvial sedimentation is very strong. The dip of the river is 
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about 10 cm a km here. Water output is more balanced than that of the Fehér-Körös, but 
during floods it channels more water than the Fehér-Körös. 
The Kettős-Körös River 
The Fekete-Körös and Fehér-Körös, having covered 168 and 236 km respectively 
meet in Hungary to be named Kettős-Körös. The catchment area of this river is 9,004 km2. 
The parent Köröses' water output is stamped on the character and water output of this new 
river. As far as the Békés section, the dip of the river is only 8 cm a km. After Békés the 
dip is further decreased to 6 to 7 cm a kilometre. Before the river regulation this area used 
to be almost without any drainage at all. The river is still very curvaceous and before the 
regulation it used to meander the whole area of Kissárrét. Today it flows into the 
curvaceous Sebes-Körös above Gyoma. The two parent Köröses are mainly responsible for 
its water output. As to its average water output, that of the Fehér-Körös is increased to 23.0 
mVsec, the 29.0 m3/sec initial water output of the Fekete-Körös is increased to 60.2 m3/sec. 
The rest amounting to 8.2 mJ is supplied by creeks, brooks and canals. At its lowest the 
water output is about 2.3 mVsec. At its peak it is 800 to 900 m3/sec., which is an evidence 
of extreme variability. 
The Berettyó/Barcáu 
The Berettyó enters the country from Romania at Kismarja and it flows into the 
Sebes-Körös under Szeghalom. Its length is 204 km and the extension of the catchment 
area is 6,095 km2. Forty percent of the riverbed, 74 km is in Hungary and 44% of the 
catchment area is also in this country. On its right bank at 68 km it takes on the Er River 
and at 23 km the river Káiló. 
The regulation of the Berettyó started along with that of the Körös rivers in the middle 
of the 1850s. The riverbed was straightened mainly in the 1860s and most of the levees 
were completed in that decade. 
The character of the river changed significantly when the Szeghalmi Canal was 
opened in 1865. Before that time the Berettyó flew into the 460 km2 Nagysárrét under 
Bakonszeg and left it at Bucsa to curvaceously flow into the Hármas-Körös. Today it meets 
the Sebes-Körös under Szeghalom. 
The largest bog in the Berettyó - Körös region used to be the Nagy-Sárrét surrounded 
from all sides by rivers. Its expansion started only half a thousand of years ago (Fig. 7.). 
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Fig. 7. Regulation of the Körös rivers and Berettyó rivers (by Papp A., edit.) 
The basin mainly accommodated the waters of the Berettyó. Before the regulation, the 
Berettyó turned west at Bakonszeg and spread all over the basin. A lot of water was 
supplied by the Kálló stream, leaving the Berettyó at Esztár, also bringing water from the 
Southeast of the Nyírség. It entered the bog west of Biharnagybajom. The Nagysárrét bog 
was also supplied with water through the Ér and Berettyó by the Szamos/Some? and 
Kraszna/Cra§na. During floods water from the Tisza River used to flow here along a 
number of creeks'2 814 
As soon as the basins of the Sárrét were formed they started to acummulate 
sedimentation from .the alluvium of the several rivers here as a result of which the bottom 
line of the bogs rose gradually to occupy an ever growing area. Simultaneously, the depth 
of the water gradually decreased, the whole process leading to the formation of bogland. 
During high water levels the water in the basin of Kis-Sárrét had access to Nagy-Sárrét 
along several creeks and streams and southward it was connected to the bogs of the 
Kettős-Körös. This was a temporary reservoir of water accumulated over an area of 13,900 
km2. 
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The Hármas-Körös River 
Hármas-Körös is the name of the river conceived by the Kettös-Körös and 
Sebes-Körös, flowing in a wide bed with oVer-developed bends, variegated by abandoned 
ones. This river bed was mutually formed by the ancient Szamos, Ér and Körös. This was 
the stretch that needed most work during the regulation after which the river gained speed, 
its dip was increased. Although its water output is second to that of the river Maros, due to 
the dams built its economic value is more significant. In 1942 the Békésszentandrás dam 
was built to facilitate the irrigation of 15,000 ha of land. Since 1945 the development of the 
irrigation system has been given utmost attention. 
The Sebes-Körös/Cri$ul Repede River 
The most important river of the area is the Sebes-Körös. Its catchment area is a rather 
elongated one stretching between the Berettyó and the Fekete-Körös. It springs as ground 
water at 700 m at Körösfö/Izvoru Cri$ului in Cluj county, Romania. Initially it is an 
insignificant brook, downwards, having taken on the Sebes, Dregán/Drágan and Jád/Iad it 
deserves the name Sebes-Körös. It is rather torrent and capable of rolling large boulders 
along a narrow bed towards Nagyvárad to flow on in a sandy bed as far as Körösszakáll. 
Before the regulation the river bed followed the southern verge of Kis-Sárrét from 
Körösharsány. Due to the accumulated sedimentation the floods spread in the bog. That 
the reason why a completely new, 35 km canal was built from Körösharsány to the Fok 
Bridge. It is not only suitable to drain the floods of the Sebes-Körös but drains the other 
waters of the Kis-Sárrét. The Sárrét section plays an important part in the life of the river. 
No artificial river-bed has been dug, the formation of the bed was done by the river itself. 
But contrary to the expectations, the river failed to cut a deep bed, instead, it has filled it 
up with sedimentation. That is exactly what happened to the flood area as well. 
Sedimentation today is not as fast as it used to be in the course of the decades after the 
construction of the Sárrét canal. 
It meets the Berettyó between Szeghalom and Körösladány. From this point it flows 
fast along a wide alluvial flood area between high levees to meet the Kettös-Körös. It is 
very important in the river's life that along its initial stretch above the border the dip of the 
river is 19 times bigger than that of the lower section in Hungary. In this way, the 
Sebes-Körös is considered to have a big dip as compared to that of the other rivers of the 
area. Between 110 and 209 km it drops about 500 m, so the average dip here is 5 in/km. 
This dip is counterbalanced by the lithological features of the catchment area, which bring 
down the water output. On the Plain the dip is considerably decreased, but it is still the 
largest among the Köröses" 7 23 
32 
Little-water Large-water 
Csúcsa—Nagyvárad 3.53 m/km 
Nagyvárad—Köröstarján 1.51 m/km 1.40 m/km 
Köröstarján—Körösszállás 0.41 m/km 0.38 m/km 
Körösszakái—Foki-Bridge 0.26 m/km 0.24 m/km 
Foki-Bridge—Körösladány 0.20 m/km 0.02 m/km 
Körösladány—Hármas-Körös 0.18 m/km 0.01 m/km 
Since the water in the river comes mainly through karstic springs from precipitation 
there is a close relationship between the water level and the chronological and quantitative 
distribution of the precipitation. The mean annual amount of precipitation over the upper 
catchment area is between 1,000 and 793 mm, at the astuary this amount is only 600 mm. 
Winter precipitation is the main source of the water output. The winter accumulation 
of the precipitation starts in the beginning of September and lastsabout 152 days. The snow 
falling here over this period provides ample water for the river. The annual variation of the 
water output is irregular. There are very dry and very wet years as well. Accordingly, water 
output varies extremely. 
Section (rkm) 
Bottom level (a.s.l. 
Adriatic) (m) 
Dip (cm/km) Note 
84 0 Hungarian stretch of 
low dip 
57 95 19.3 
110 148 100 
Romanian stretch of 
high dip 
160 352 409 
175 465 754 
209 700 545 
0—209 700—84 271 Average 
Due to its high speed flow the river carries a lot of alluvial particles but the larger-grain 
fraction is sedimented outside Hungary. Today's landscape was created by 24 straightened 
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bends and the construction of the Sárrét canal. The old Sárrét section plays a very important 
part in the river's life. No bed has been excavated here. The river itself was to form her own 
bed along a small canalette between two levees. Instead of cutting herself a bed the river 
deposited sedimentation and a lot of it. The rate of sedimentation is somewhat slower 
today, but considerable effort is needed in the form of excavation and levee maintenance. 
Hydrological Description of the Körös Interstice 
The Kis-Sárrét and the Nagy-Sárrét used to be among the boggiest areas in the Plain. 
At times, when precipitation was ample, flood waters were trapped in an area of low dip, 
surrounded by alluvial fans. Due to this fact the area evolved into a watery flood area 
interwoven by back-waters and river beds. The Kis-Sárrét must have been a swamp among 
the settlements of Mezögyán, Ugra, Szeghalom, Vésztő, Békés, Gyula and Sarkad<2 5 9 ' . 
Water was fed into the bog by the Sebes-Körös and its side-waters. The remains of the 
meandering jumble of ancient river-beds can still be found on the verge of Sárrét. In the 
depression, conforming to the rules of alluvial fan formation troughs of little drainage were 
brought about, Kis-Sárrét would be an example. The rivers were seeking their beds around 
giant loops and they frequently changed direction. The Sebes-Körös, for example had no 
fixed route across the Kis-Sárrét. Because the rivers in the Körös area kept changing their 
direction due to structural reasons and alluvial deposition bogland thrived, facilitated by 
unforeseeable economic activity. Deforestation, for example caused the amplitude of flood 
waves to rise, and watermills built on low-dip rivers further worsened the situation. 
The formation of the bogland must have taken place in the oak or beech phase of the 
Holocene when the Sebes-Körös acquired its Biharugra - Zsadány - Okány - Vésztő 
direction. The unfavourable character of the river system made regulation work a priority 
in this area in the last century, although permission to build dikes had been issued by 
Mátyás II as early as 1613. 
During the Turkish Rule the population dropped, and it was only in the 1800s that the 
expansion of agricultural land was necessary. Drainage started in 1790 and was only of 
small scale, to channel the swamp water through the Sebes-Körös bog. In 1810 a 6 km canal 
was built at Szeghalom to drain the water of the swamp. As a result, the amount of 
agricultural land grew1562". 
The preconditions of the drainage did not exist until the year 1815. Huszár Mátyás 
compiled a plan to regulate the Köröses which was used for the compilation of new plans 
in 1879. The principle of the regulation was that the floods of the Köröses must be 
channelled away before that of the Tisza River. The plan and the realisation was good. As 
a result the low water dip of the lower section grew from 1.5 cm to 4 cm/km, that of the 
high water from I cm to 4 to 6 cm/km. In the course of the regulation of the Sebes-Körös 
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most difficulty was due to the drainage of the vast swamp stretching from Körösszakái to 
Szeghalom. 
The regulation of the Köröses was not without difficulty. Due to the small dip of about 
20 mm/km of the Tisza plain the Körös Rivers were unable to create a bed deep enough to 
accommodate the water of larger rivers as well. The situation was complicated by the fact 
that the Danube had a water-level raising effect on the Tisza River up to Csongrád, the 
Tisza River had a similar effect on the Körös River up to Békés. Before the regulation high 
waters prevailed along the Tisza River for a month, it took them two months to shrink to 
medium levels, small water levels lasted five to six months. If summer floods occurred then 
the water from the Tisza and Köröses was spread over the lowland between the Tisza River 
as well as Kisjenő and Körösszakáll all year round. 
It is evidenced that the Tisza River only carries half of the amount of arriving water, 
the other half is stored in the flood areas. Quite often the highest water level of the Körös 
Rivers was 5 m higher than the lowest one, and every 25 years it is 6.3 m higher. 
The regulation of the rivers was completed at the turn of the century. Due to the cuts 
through the bends and the appearance of dikes dips increased and river beds became deeper. 
Floods are channelled away quicker and the level of low water is 1 m deeper today. To 
tackle inland water pumps were installed and canals constructed in the course of river 
regulation. Due to such large-scale work the original hydrographic picture has changed 
considerably. Not later than the beginning of the 20th century the underpopulated Körös 
region, with its worthless land covered by flood waters from spring to autumn became 
available for agricultural use. 
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The geography of the Kôrôs/Criç1 river system 
Sámuel Jakab 
Introduction 
The Körös/Cri§ river system consists of the following four main rivers: Berettyó/ 
Barcáu, Sebes-Körös/Cri§ul Repede, Fekete-Körös/Cri§ul Negru and Fehér-Körös/ 
Cri§ul-Alb. After the junction of the Fekete-Körös and Fehér-Körös the river takes the 
name Kettős-Körös and after the confluence of this with the Sebes-Körös, the river is 
named Hármas-Körös. The Körös rivers represent one of the most developed river 
systems tributary of the Tisza River. 
The drainage area of the Körös/Cri§ river system covers a surface area of 25,778 
km2 with an equal territorial distribution between Hungary (12,941 km2) and Romania • 
(12,837 km2). The full length of the river system is 949 km. 
Length of the main course Surfacc of drainage basin 
River km sq. km 
On the territory of Full On the territory of Total 
Hungary Romania length Hungary Romania 
Berettyo/Barcäu 78 118 198 4116 1979 6095 
Scbes-Körös/Cri§ul Repede 59 148 207 6694 2425 9119 
Fekete-Körös/Cri$ul Negru 24 144 168 4476 4645 
Fehér-Körös/Cri$ul Alb to 238 248 318 3957 4275 
Kettős-Körös 37 37 1744 
Hármas-Körös 91 91 12941 
TOTAL 949 12941 + 12837 - 25778 
Table I. Morphometry of the Kôrôs/Criç river system 
1 The first name is Hungarian, and the second Romanian. 
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Physiography of the drainage area 
The hydrographic basin of the Körös/Cri? rivers extends over three large 
landforms: highland (the Western part of Mun(ii Apuseni), hill-country and plateau 
(Western Piemontane Hills) and lowland (eastern part of the Hungarian Plain, named 
Plain of Körös/Cri? rivers). The difference between the highest point (Vládeasa 
Mt.1836 m) and the lowest one (the mouth of Hármas-Körös ) is about 1750 metres. 
Munjii Apuseni (Apuseni Mts.): Part of the Western Carpathians, the Apuseni 
Mts. stretch from Some? to Mure? river. Within the bounds of the Körös rivers 
hydrographic basin they consist of a central part -the Bihor Mts. which is the highest 
apart, and four lower ridges: Metalici-Zarand Mts., Codru Mts., Pádurea Craiului 
Mts.and Plopi? Mts, running more or less in an East-West direction. 
Except for the central part — Bihor Mts. —, where the altitude reaches 1800 m 
above sea level, the ridges remain at about 1500 m. 
Fig. I. Relief units of drainage area ofKoros/Crif river system 
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P i g . 2 . Sketchy block-diacjram showing the stepped character 
of relief. 
1- A c t u a l c o n t i n e n t a l s e d i m e n t s ; 2 - I l o l o c e n e f l u v i a t i l e 
d e p o s i t s ; 3 - F o s s i l f a n - t a l l u s ; 4 - P i e m o n t a n e 
s e d i m e n t a r y f o r m a t i o n s ; 5 - C r y s t a l l i n e r o c k s . 
Petrographically the Apuseni Mts. have a mosaic-like structure, with a hardly 
distinguishing disposition of the structural zones. On the whole, they have an insular 
position, underlined by several surrounding sedimentation basins. On the western 
border, these basins penetrate deeply towards the interior of mountains, taking a 
creek-like shape. 
Another specific physiographic character of the Apuseni Mts. derives from a large 
development of karst relief, due to the widespread presence of limestone. 
The Western and Southern slopes of the Apuseni Mts. are covered mostly by 
beech, the coniferous forests appearing only on the central high ridges of the Bihor 
Mts. 
Due to their position, the Bihor Mts. play the role of a veritable climatic barrier 
against the humid currents of air from the West. This situation causes abundant 
precipitation on the western slopes of the Apuseni, the annual average value exceeding 
1300 mm, while on the eastern border of the Hungarian Plain it is about 630 mm. 
Several lower ridges branch off to the west from the central nucleus of the Apuseni 
Mts., and penetrate like tentacles towards the Hungarian Plain, separating the 
creek-like depressions of Zarand, Beiu$, Vad-Borod and $imleu. In spite of their low 
altitude, these ridges receive a relatively high quantity of precipitation (700-900 mm). 
(Fig. 1., Fig. 2.) 
The piemontane hills: Except for the western border of the Zarand Mts., the 
piemontane hills form almost a continuous belt between the mountains and the 
lowland. Only the Mountains of Zarand pass directly to the lowland. The piemontane 
hills display a stepped configuration with two levels, one at 500-600 m above sea level, 
the other at 300-400 m. As a rule, the upper one is well covered by deciduous forest, 
while the lower step has an agricultural character. 
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The limit between the hilly country and the lowland is vague, therefore the 
contour line of 200 metres is conventionally considered as being the limit between the 
two relief units. 
The Körös/Cri? Plain: Belonging to the Hungarian Plain, the Körös/Cri? Plain 
genetically is a continuation of the hilly country, as a result of filling up of the 
Pannonian Sea with coarse alluvia carried by waters rushing down from the 
surrounding mountains. The torrential streams deposited a significant quantity of 
coarse alluvia on the shore of the former Pannonian Sea, the Hungarian Plain of today. 
Fig. 3. Canal network in the Hungarian Plain section of the 
Trans-Tisza Region 
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The Hungarian Plain has been subsiding at the end of the Pliocene, and this 
process continued throughout the Pleistocene and even in the New Holocene. A 
westwards steeped inclination of the lowland can be observed, each step representing 
a stagnancy stage of the withdrawing sea. Two main levels of the K6ros/Cri? Plain can 
be slightly distinguished: the upper or tabular plain, and the lower or subsidence plain. 
The plain is deeply inserted into the creek-like depressions, along the rivers. 
Resulting from the history of geological development, it is a characteristic feature 
of the Koros/Cri? rivers pattern that it is a centripetal one. As a corollary to the recent 
sinking of the confluence area of rivers belonging to the Korfis/Cri? system, there were 
a lot of permanently and intermittently inundated areas, a fact to hinder the social and 
economic progress almost up to the present. This hydrographical situation was 
fundamentally changed by the large-scale water-regulations and the inland waters 
drainage completed mainly in the last century (Fig. 3.). 
These, being so far the largest intervention into the natural environment, have 
resulted in various qualitative changes in the lives of rivers, in the local and 
microclimate of the affected area, in the composition of the flora and fauna as well as 
in the dynamics of soil formation. But there also have been changes in the living 
conditions of the population, and consequently changes in the nature of the economic 
life, the appearance of settlements and the transportation network. 
In spite of their highly respectable scale and regional extent, these last century, 
social interventions cannot be considered final. Because of the transitional character of 
the climate in this steppe area it should not only provide protection against damages by 
water, but occasionally and even more frequently, against drought as well. The main 
target of this struggle is the permanent assurance of irrigation possibilities for as large 
agricultural areas. 
A lot of natural land forms, such as abandoned river beds, levees, drainless areas, 
as well as anthropogeneous objects such as artificial levees, canals, cut-off branches 
and oxbows stand partially at the origin of excess water. 
Soils of the drainage area of Kdros/Cri§ rivers system 
The soil cover in the study area is closely connected with the relief and altitudinal 
plant-belts respectively. The following main dominant soil groups have been 
distinguished (Fig. 5.). 
Chernozems, gleyed chernozems and alkali-bazed chenozems soils, which appear 
for the most part on well-drained inter-river plains of the lowland, developed on 
medium loamy deposits with a permeability ranging between good-medium. These are 
the most fertile soils of the drainage area. 
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Fig. 4. Relations between soils, relief and vegetations. CC- chernozem; BM- brown earth; 
BP- argillic brown forest soil; SP- luvisnl; BO- acid brown soil; PD- podzol; US- histosol. 
Forest steppe Deciduous forests fomsfs Coniferous forests 
PSdun de conrfere SilvostepS PSduri de foioase 
Hydromorphic steppe soils (Humic Gley soil and Low-Humic Gley soil) are 
spread in the poorly drained, sinking convergence area of Kor6s/Cri$ Rivers Plain. 
They are developed on silt and clay with low permeability. 
Halomorphic soils (Solonetz, Deep solonetz, intermixing of Solonetz and 
soda-rich Solonchak Alkali soils): They appear in the vicinity of hydromorphic soils 
in saucer-like micro depressions with superficial water table. 
- Argillic Brown Forest soils and Luvisols represent the dominant soils of the hilly 
country and that of the lower part of the mountains under deciduous and mixed 
forests. On the plateaus they are frequently pseudogleyed, while on the steep slopes, 
especially when the natural plant cover is missing, they are strongly eroded 
- Podzols and Acid Brown soils characterise the highest part of the drainage basin of 
Koros/Cri§ rivers. They are soils showing a shallow profile, developed on hard 
rocks (except limestone) under coniferous forests. 
- Rendzina developed on limestone, widespread in the Bihor and Padurea Craiului 
Mts. 
- Soils of the flood plains comprise alluvial protosoils, alluvial soils, and Gley soils. 
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The alluvial protosoils represent the young alluvia. In most cases the soil-forming 
processes are incipient or absent, because of more or less frequent flooding that hinder 
pedogenesis.The spreading of alluvial protosoils is limited to the active flood plain, or 
the flood-controlled stripe. Generally they are stratified, having a loose consistency 
and coarse texture (gravels, sands, loamy sands) especially in mountainous areas. 
However, they occasionally can be moderately coarse-textured (sandy loam) and 
medium-textured (loam and silt), mostly in the lowland region. These soils have a low 
organic matter and clay content, and consequently a weak cation exchange capacity, 
low retaining power and low buffering capacity. 
Due to their particle-size distribution and the lack of an impermeable layer, even 
in the deeper levels, most of the alluvial protosoils are excessively permeable. 
Therefore, they cannot retain a great part of the substances which pollute the running 
waters. In this respect the storage of various wastes on the active flood plain can be 
harmful for the rivers. When the alluvial protosoils are covered with vegetation, their 
retaining and filtering power becomes more efficient. 
The alluvial soils occur in various stages of development and fertility, on the flood 
water-free, or rarely flooded higher level of the rivers plain. Contrary to alluvial 
protosoils their upper — Ao or Am — horizon is deep, with a humus content exceeding 
2—2,5%. The clay content is also higher, compared to that of alluvial prorosoils. In the 
43 
area of creek-like depressions, the gley soils are spread mainly in the deep-lying 
marginal stripe of the flood plain. The important river regulation and floodwater 
prevention works that were performed in the lowland area led to significant changes in 
the position of the riverbeds. As a result, the actual flood plain is full of cut-off 
branches and oxbows, filled up with poor water-conducting, silty and clayey deposits, 
favourable for hydrogenic soil-forming processes (Fig. 4., Fig. 5.). 
Conclusions 
The Koros/Cri? river system, with its 25,778 km" drainage basin, is one of the 
most important tributaries of Tisza River. 
The abundant spring rain, frequently accompanied by a thaw, leads to floods 
almost every year, causing catastrophic inundation on the lower section of the rivers. 
No natural pollution exists in the drainage area. The deterioration of the water 
quality is caused by anthropogenic pollution in the mining district of upper 
Feher-K6ros/Cri$ul Alb basin (Brad and its environs), and in the oil field of the 
Bcrettyo/BarcSu river (Suplacu de BarcSu) and the area west of Oradea (Bor§). The 
industrial areas and agglomeration of human settlements, e.g. Oradea e.g., are to a large 
degree responsible for the water pollution. 
The danger of water quality deterioration is the highest in the lowland area, where 
the permeable soils and deposits make possible the infiltration of different chemical 
materials, originating from industry and agriculture as well as from households. 
It is to be noted that there is an important purification process carried out by the 
filtering and buffering power of those alluvial soils which have a relatively high 
content of organic matter and clay. 
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The aquatic and paludal flora and vegetation 
from the Cri^/Körös1 Valleys 
Constantin Drágulescu & Kunigunda Macalik 
Abstract 
This study presents the aquatic and paludal flora and vegetation of the Cri§ 
Valleys. After a brief presentation of the history of botanical research on this area we 
give a list with the 390 species and another one with the 92 associations which are 
characteristic for the wet ecosystems of these rivers. The list of species also includes 
the IUCN "Red list". 
Keywords: Aquatic, paludal, flora, vegetation, association, Cri§ rivers 
Introduction 
This study presents the aquatic and paludal flora and vegetation of the Crijul 
Alb/Fehér-Körös, Cri§ul Negru/Fekete-Körös and Cri§ul Repede/Sebes-Körös (which 
flow mostly on the Romanian teritory) and of the Kettős-Körös and Hármas-Körös (on 
the Hungarian territory). 
We entered this study aiming to complete the botanical information of the not yet 
researched or very little investigated sectors of the Cri§, and aiming to offer a synthetic, 
general image of the flora and vegetation of the wet (humid) ecosystems of these rivers. 
The floristic-phytocenological research in the Cri? Valleys began in the second 
half of the 19th century, when A. Kerner (1867-1879) mentioned some species of 
plants from the Bihor Mts., at springs of the Cri§ul Negru and Crijul Repede. L. 
Simonkai presented more plants on the middle and inferior water-way of the Cri§ul 
Repede (1879,1890) and of the Cri§ul Alb (1893), and V. Borbás (1891) gave floristic 
data from the Crijul Repede's inferior water-way, from the Kettős-Körös and 
Hármas-Körös. In the first half of the 20th century the botanical information completed 
the floristic data from the Lower Plain of the Cri§ (K. Flatt, 1901, P. H. Franzé, 1904, 
R. Soó, I. Máthé, 1938, R. Soó, 1938, 1946, 1947). At the same time the specific 
character of the flora from the springs of the Cri§ul Repede, Cri§ul Negru and Crijul 
Alb was pointed out (A. Paucá, 1935, 1940, 1941, Al. Borza and V. Borza, 1939, 
1 The first name is Romanian, and the second Hungarian. 
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K. Pop, 1940, 1947). In the second half of this century, the Crij 's flora and vegetation 
were studied by L. Timár (1952) and L. Timár and Gy. Bodrogközi (1959) who 
published data from the Hungarian sector of the Cri$, by O. Rafiu (1964, 1965, 1966, 
1973), O. Ratiu et Gh. Sálágeanu (1971), O. Ra|iu et I. Gergely (1976, 1985), O. Ratiu 
et al. (1982,1983,1984), N. Bo$caiu et all. (1966), A. Nyárády et al. (1966), §t. Csűrös 
et al. (1967, 1969) and I. Resmerijá (1970) who configured an almost complete image 
of the vegetal carpet from the superior water-way of the Cri$ul Repede. I. Pop (1968, 
1972), together with I. Hodi§an (1969, 1972, 1973), or with the group (1978), studied 
in detail the area between the Cri$ul Negru and the Cri$ul Repede, and gave 
floristic-phytocenological data from the Cri$ul Alb. This last river was well researched 
by A. Ardelean (1980, 1982, 1984), especially in its mountainous and hilly sector. 
Until the beginning of our scientific investigations, the situation of the botanical 
research of the Cri§ was as follows: the flora was relatively well known on the Crijul 
Repede and the Cri$ul Alb and on the superior water-way of the Cri$ul Negru; the 
vegetation was studied only on the superior water-way of the Cri$ul Repede and the 
Cri$ul Alb, with very poor information existing from other sectors of the Cri§, and 
missing the phytocenological data from the Cri$ul Negru (except for the mountaineous 
water-way of the river). Through this study we succeeded in establishing a thorough 
knowledge of the flora and vegetation of the Cri$ rivers, and a databasae for its 
botanical characterization and for comparative studies between flora and the vegetation 
of all these rivers (named Cri§). 
Materials and methods 
The Cri$ Valleys take up a very large surface area, with a very different relief, 
geological and pedological structure and with a varied climate. Taking into account 
these variations, for a better charactcrization of the Cri$ we divided the river into 
sectors as follows: the mountainous sectors of the Crijul Alb, Cri$ul Negru and Cri$ul 
Repede (noted with WC-I, BC-I and FC-I), the hilly sectors (noted with WC-II, BC-II 
and FC-II), the plain sectors (noted with WC-III, BC-III and FC-III), the common 
sectors of the Crijul Alb and the Crijul Negru, named Kettős-Körös (noted DC) and 
the common sectors of the Kettős-Körös and the Cri$ul Repede, named the 
Hármas-Körös (noted TC) (Fig. 1). 
This work was carried out by relying on our own on the spot research and by 
consulting the specialised bibliography and some herbaria. All useful information was 
recorded on species and vegetal associations index cards which included 
nomenclatural and chorological data. In addition; the species index cards included 
specifications regarding the bioform, the ecological preferences and the floristic 
element. The biological, ecological and phytogeographical characterization was made 
according to V. Sanda et al. (1983) and R. Soó (1964, 1980). The nomenclature or the 
species and vegetal associations was presented according to the "Romania's Flora" 
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(1952-1976), V. Sanda et al. (1980, 1983) and R. Soó (1964-1980). In this study we 
point out and analyse only the aquatic and paludal (marshy) flora and vegetation of the 
Cri§, and the respective vegetal elements which directly come into contact with the 
water, the banks and the river-meadows of the Cri§. All new, unpublished data are 
followed by an exclamation point (I). In the enumeration of the species we used the 
following abbreviations of the names of the bioforms and floristic elements: Hh -
helohydatophyte, H - hemicryptohyte, Th - annual therophyte, TH - biannual 
therophyte, G - geophyte, MPh - megaphanerophyte, mPh - mesophanerophyte, nPh -
nanophanerophyte, Ch - chamaephyte; Eua - Eurasian, E - European, Ec -
Central-European, Cp - circumpolar, Bor - boreal, Cosm - cosmopolitan, Adv -
adventive, M - Mediterranean, Atl-M - Atlantic-Mediterranean, C - continental, Pn -
Pannonic, P - Pontic, D - Dacic, Carp - Carpathic, End - Endemic, B - Balcanic, Sarm 
- Sarmatic, Cauc - Caucasian, Alp - Alpin. 
Results and Discussion 
By synthesizing the information concerning the flora and vegetation of the Cri§ 
(information collected from the bibliography and the results of our own research), we 
consider that in the whole area of the Cri§ there are 1860 species of cormophytes 
grouped in 167 vegetal associations. From this total, 380 species are hydrophilous, 
hygrophilous and hygro-mesophilous plants and 92 associations group aquatic and 
paludal phytocenoses, including lawns and weeds of more or less humid ecotops, 
distributed as follows (Tab. I.): 
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Tab. 1. The distribution of the macrophyte species and associations in the Cri§ Valleys 
River Nr. of Nr. of Nr. of Nr. of Nr. of new Nr. of new 
cormophytes associations aq.+pal. aq.+pal. aq.+pal. Sp. aq.+pal. 
Sp. Ass. Ass. 
Cri$ul Alb 1250 98 260 51 20 25 
Cri§ul Negru 1192 107 216 50 54 41 
Crijul Repede 1365 130 337 62 6 8 
Kettős-Körös 590 50 108 15 18 13 
Hármas-Körös 650 62 119 21 7 11 
Total 1860 167 390 92 11 22 
From the 380 species 46 are aquatic, floating or submersed and from the 92 
vegetal associations 16 are strictly aquatic. From the aquatic species known on the Cri§, 
29 were also found by us. These are Salvinia natans, Polygonum amphibium, 
Nymphaea lotus var. thermalis, Nuphar lutea, Ceratophyllum demersum, Ranunculus 
trichophyllus, R. circinatus, Trapa natans, Myriophyllum spicatum, M. verticillatum, 
Callitriche cophocarpa, C. palustris, Utricularia vulgaris, Sagittaria sagittifolia, 
Butomus umbellatus, Hydrocharis morsus-ranae, Vallisneria spiralis, Potamogeton 
crispus, P. natans, P. nodosus, P. pusillus, P. trichoides, Zannichellia palustris, Najas 
marina, N. minor, Lemna gibba, L. minor, L. trisulca, Spirodela polyrrhiza. Some of 
these species grow in a relatively great number, constituting characteristic 
phytocenoses in the water of the rivers, especially towards their banks, where a series 
of aquatic animals find their shelter and food. Such phytocenoses, more or less 
distinguished, are constituted from Salvinia natans (in the Cri? Channel, at Tinea, 
Chi$ináu-Cri§, Békés, Vár$and, in a channel at Békésszentandrás), Polygonum 
amphibium (at Aciufa, Cri$, Bocsig, Tinea, Gyula), Nymphaea lotus var. thermalis (at 
Oradea), Ceratophyllum demersum (at Bocsig, Vár§and, Tinea, in the Cri§ Channel, 
Gyula, Szeghalom, Cheresig, Fughiu, Békés, Csongrád), Trapa natans (in the Cri$ 
Channel and near Békés), Myriophyllum spicatum (at Incu, Bocsig, Beiu§, Borz, 
Tinca, Gyula, Ale?d, Tileagd. Szeghalom), Hydrocharis morsus-ranae ( in the Cri§ 
Channel and in a channel at Békésszentandrás), Potamogeton crispus (at Zerind. Gyula 
and Csongrád),Potamogeton natans (at Beiu? and Borz),Potamogeton nodosus (in the 
Cri$ Channel, at Tinea, near Békés, Vár$and, Gyula, Cheresig, Szeghalom, Csongrád), 
Potamogeton pusillus (in the defile of the Crijul Repede), Potamogeton trichoides (at 
Cheresig), Najas marina (at Tinca, Avram lancu, the Cri§ Channel, Zerind, Gyula, near 
Békés, Szeghalom, Csongrád), Najas minor (at Tinca, Gyula, the Cri§ Channel, near 
Békés, Fughiu, Csongrád), Lcmna gibba (at Csongrád), Lemna minor (in the Cri$ 
Channel, Miháileni, Vár?and, Gyula, Békés, the defile of the Crijul Repede, Oradea, 
Szeghalom), Lemna trisulca (in the Cri? Channel), Spirodela polyrrhiza (at Var$and, 
Gyula, the Cri§ Channel, the channel at Békésszentandrás, near Békés, Csongrád, 
Szeghalom). 
50 
The aquatic vegetal associations constituted mostly from these plants were 
noticed and studied on the Cri?ul Alb at Hálmagiu, Ociu and Ocijor (Folygonetum 
natantis), Mesteacán, Va|a, Brad ( Lemnetum minoris), Vár?and (Lemnetum minoris, 
Salvinio- Spirodeletum), Bocsig (Potametum natantis, Potameto-Ceratoplvylletum, 
Myriophyllo-Potametum), Ineu (Potameto-Ceratophylletum, Myriophyllo-
Potametum); on the Cri§ul Negru at Borz (Myriophyllo-Potametum), Fini§ 
(Potametum natantis), Tinea (Myriophyllo-Potametum, Najadeto-Ceratophylleti'im, 
Polygonetum natantis), Batár (Lemnetum minoris, Polygonetum natantis), the Ci'i? 
Channel (Lemneteum minoris, Salvinio-Spirodelctum, Lemno-Utricularietum, 
Ceratophylleto-Hydrocharetum, Trapetum natantis), Avram Iancu (Lemnetum 
minoris, Ceratophylleto-Hydrocharetum), Zerind (Potametum crispi). Gyula 
(Lemnetum minoris, Salvinio-Spirodeletum, Potameto-Ceratophylletum, Potametum 
nodosi, Najadeto-Ceratophylletum, Polygonetum natantis); on the Cri§ul Repede at 
Izvorul Crijului (Lemno-Utricularietum, Ranunculo trichophylli- Callitrichetum), on 
the Drágán Valley (Callitrichetum cophocarpae-palustris), in the Cri§ Defile 
(Callitrichetum cophocarpae-palustris, Potametum crispi, Potametum natantis) at 
Oradea (Lemnetum minoris, Nymphaeetum loti-thermalis), at Szeghalom 
(Potameto-Ceratophylletum); on the Kettős-Körös near Békés (Potametum nodosi, 
Najadeto-Ceratophylletum, Salvinio-Spirodeletum, Potameto-Ceratophylletum, 
Trapetum natantis) and on the Hármas-Körös on the channel at Békésszentandrás 
(Ceratophylleto-Hydrocharetum, Salvinio-Spirodeletum, Potametum nodosi, 
Potameto-Ceratophylletum) and at Csongrád (Lemnetum minoris, Lemno-
Utricularietum, Potametum nodosi, Najadeto-Ceratophylletum). 
In the following, we present one conspectus (index) with aquatic and paludal 
species of plants and another one with aquatic and paludal vegetal associations from 
the Cri$ Valleys, specifying by each species and association the river sector where it 
was identified. 
The hydrophilous and hygrophilous flora 
EQUISETACEAE 
1. Equisetum hyemale L.: FC-I (11, 55, 57); G, Cp (bor); Alno-Padion; rC 
2. E. fluviatile L. (E. limosum L.): WC-I-II (1, !), FC-I (11, 37, 55), FC-III (70); C 
f. ramigerum A. Br.: FC-III (60); Hh, Cp (bor); Magnocaricion, Phragmitetea 
3. E. palustre L.: WC-I (1 , ! ) , BC-I-II (34, 35 ,40 . 41 . ! ) . FC-I (11. 55), FC-II (16 . ! ) ; C 
f. corymbosum Milde: FC-III (!); G, Cp (bor); Molinietalia 
4. E. sylvaticum L.: WC-II (44). FC-I (55, 57): G, Cp (bor); Alno-Padion; C 
5. E. telmateia Ehrh. (E. maximum Lam.): WC-I-II ( I , !). BC-I-II (35, 40, !); G, Cp (bor); 
Alno-Padion, Filipendulo-Petasition; C 
6. E. x moorei Newm. (hyemale x ramosissimum): FC-I (11) 
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OPHIOGLOSSACEAE 
7. Ophiogbssim vulgatum L.: FC-1 (11, 23, 55); G, Cp (bor); Molinion; Ex? 
ATHYKJACEAE 
8. Mateuccia stuthiopteris (L.) Todaro: WC-II (44), BC-I (!), FC-I (11, 23, 55, 57), FC-III (23); 
M, Cp (bor); Alno-Padion; rC 
9. Athyrium filix-femina (L.) Roth: WC-I (23), BC-I (23, !), FC-I (11, 23, 55); var. 
multidentatum (Doli) Milde: FC-I (23); H, Cosm; Adenostyletalia, Alno-Padion; C 
THELYPTERIDACEAE 
10. Thelypteris palustris Schott (Dryopteris thelypteris (L.) A. Gray): BC-II (34, 35), FC -I (50, 
55), FC-III (23); Hh, Cp (bor); Alno-Padion, Magnocaricion; rC 
ASPIDIACEAE 
11. Dryopteris carthusiana (Vill.) H. P. Fuchs: WC-II (44), BC-I (23), FC-I (55); H, Cp (bor); 
Alno-Padion, Magnocaricion; R 
12. D. filix-mas (L.) Schott: WC-I (23), WC-II (44), BC-I (23, 36, !), FC-I (55), FC-III (23, !); 
H, Cosm; Fagetalia; C 
MARSILIACEAE 
13. Marsilia quadrifolia L.: WC-III (1, 23. 70, 44), BC-III (23, 61, 67), FC-III (23, 60, 67), DC 
(14), TC (14, 72); Hh, Eua (M); Nanocyperion; Ex? 
SALVINIACEAE 
14. Salvinia natans (L.) All.: WC-III (1, 23, 67, 70, !), BC-III (23, !), FC-III (60), DC (!), TC 
(14, 70 , ! ) ; Hh, Eua; Hydrocharition; rC 
SALICACEAE 
15. Populus alba L.: WC-II-III (1, 23, 43 , ! ) , BC-1I-II1 (23.! ) , FC-I (11), FC-III (23, !), TC (!); 
MPh, Eua; Salicacetalia purpureae; C 
16. P. nigra L.: WC-II-III ( 1 , 2 3 , 4 3 , 4 4 , ! ) , BC-II (23), FC-I ( I I ) , FC-III (23), DC, TC (!); MPh. 
Eua; Salicetalia purpureae; C 
17. P.x canescens Sm. (alba x tremula): FC-III (60, 70), TC (70, 73) 
18. Salix alba L.: WC-I-II-III (1 ,43 , 44 , ! ) , BC-I-II-III (!), FC-I-ll-III (11. 16, 55, 60 , ! ) , DC (!), 
TC (73, !); C 
f. angustata Anders.: FC-I (11); MPh, Eua; Salicion albae, Alno-Padion 
19. S. aurita L.: FC-I (23, 37, 55); E 
f. rhomboidalis: FC-I (37); mPh, E; Alnion, Caricetalia nigrae 
20. S. cinerea L.: WC-II (44,!) , BC-I (39), BC-II (35), FC-I (11,55, 57), DC (70), TC (70); mPh, 
Eua; Alnetea, Alno-Padion; C 
21. S. fragilis L.: WC-I-II-III (1, !), BC-I-II-III (34, !), FC-I (11, 37, 55), FC-II-III (16, 60, !), 
DC (!), TC (70, 73, ! ) ;C 
f. latifolia Anders.: FC-I (37); mPh-MPh, Eua; Salicion albae, Salicion triandrae. Alno-Padion 
22. S. pentandra L.: FC-I (37); MPh, Eua; Alnetea; C 
23. S. purpurea L.: WC-I-II (!), BC-I-II (35, 40 , ! ) , FC-l-II (11 ,16 , 55); C 
f. angustifolia Kern.: WC-I (1); mPh. Eua; Salicetalia purpureae 
24. S. rosmarinifolia L.: FC-I (37); mPh, Eua; Molinion; E 
25. S. silesiaca Willd.: WC-I (1), FC-I (54, 55, 56); mPh, B-Carp-Sudet; Pinion mugi; rC 
26. S. triandra L.: WC-III (1 ,43 , ! ) , BC-II-III (!), FC-I (11, 55,!) , FC-III (!), DC (70, ! ) , TC (73, 
!);C 
ssp. amygdalina L.: DC (70); MPh, Eua; Salicion triandrae 
27. S. viminalis L.: WC-III, BC-III (!), DC (70, ! ) , TC (70); mPh, Eua; Salicetalia; C 
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28. S. x alopecuroides Tausch (triandra x fragilis): FC-III (60); 
f. hypoleuca: TC (70) 
29. S. x capreola Kern, (aurita x caprea): FC-I (23, 37) 
30. S. x multinervis Döll (aurita x cinerea): FC-I (23, 37) 
31. S. x rubens Schrank, (alba x fragilis): BC-II (34,! ) , FC-I (55); 
var. excelsior (Host.) A. et G.: FC-III (60), TC (70) 
32. S. x subaurita Anderes, (aurita x silesiaca): FC-I (23, 37) 
33. S. x undulata Ehrh. (alba x triandra): WC-ÍI-III (1, 23, 70, 44), DC, TC (70) 
BETULACEAE 
34. Alnus glutinosa (L.) Gartn.: WC-I-II (1, 44 , ! ) , WC-III (43), BC-I-II (35 , ! ) , FC-I-II FC-I-II 
(11, 16, 55 , ! ) ; MPh, Eua; Alnion glutinosae, Alno-Padion; C 
35. A. incana (L.) Mnch.: WC-I-II (1 ,44 . ! ) , BC-I (!), FC-I (11, 37, 55 , ! ) , FC-III (23); C 
f. glabrescens Simk.: FC-III (23); MPH, Eua; Alno-Padion, Salicion albae 
36. A. x pubescens Tausch (glutinosa x incana): FC-I (60); 
f. badensis (Lang.) Call.: FC-I (23); 
f. subglutinosa Simk.: FC-I (55); 
f. subincana Simk.: FC-I (23, 60) 
37. Betula pubescens Ehrh,: FC-1 (23 ,37 , 38); mPh, Eua; Alnetea, Vaccinio-Piceion; 
f. glabra Fieck.: FC-I (37); Ex?-E 
f. ovalis: FC-I (37); 
f. rhomboidalis: FC-I (37) 
38. B. x hybrida Bechst. (pendula x pubescens): FC-I (37) 
ULMACEAE 
39. Ulmus laevis Pallas: WC-III (1, 23). BC-II-III (23), FC-III (23, 42); MPh-mPh, E; 
Alno-Padion; rC 
URTICACEAE 
40. Parietaria officinalis L.: WC-I-II (1. 44), BC-I (35. 40, !); FC-I ( I I , 55, !); H. M; 
Alno-Padion; C 
POLYGONACEAE 
41. Polygonum amphibium L.: WC-I-II (!), WC-III (70.! ) , BC-III (!), FC-I (11. 55, 57), FC-III 
(14 . ! ) , DC (14,70.!) , TC (14, 73): C 
f. terestre (Leyss.) I. Grin(.: BC-III (!), FC-I (11, 57), FC-III (23, 70), DC (70 , ! ) ; C 
f. aquaticum (Leyss.) 1. Grinj.: FC-I (11. !), FC-III (23, 70), DC (70), TC (8); G-Hh, Cosm; 
Phragmitetea, Salicetea, Polygono-Chenopodion; rC 
42. P. bistorta L.: FC-I (55); H, Eua; Molinietalia; I 
43. P. cuspidatum Sieb, et Zucc.: WC-II, BC-III (!); H, Adv; Calystegion; C 
44. P. hydropiper L.: WC-I-1I-III (1 , ! ) . BC-I-II-III (!), FC-I (55, 57), FC-III (23, 70), DC (14, 
70), TC (70); C 
f. hungaricum: FC-III, DC (70); Th, Eua (M); Populetalia, Alnetea, Bidention 
45. P. lapathifolium L.: WC-II-III (!). BC-II-III (35.!) , FC-I (55, 57,!) , FC-III (23. 70), DC, TC 
(14, 70 , ! ) ; C 
var. tomentosum (Schrank) Beck: WC-I-II-III (1), BC-III, TC (70)Th; Cosm; 
Polygono-Chenopodion, Bidentetalia 
46. P. minus Huds.: WC-I-II (1. 23,44) , FC-I (10), FC-III (23, 70). DC (70), TC (14); Th, Eua; 
Bidention; C 
47. P. mite Schrank: WC-I-Il (1). BC-II (35,! ) , FC-III (23); Th, Eua; Bidentetalia; C 
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48. P. persicaria L.: WC-I-II-III (!), BC-II-III (35.!) . FC-I (10 .11 . 55). FC-III (23), DC. TC (14); 
Th, Eua; Populetalia, Phragmitctea; C 
49. Rumex aquaticus L.: WC-III (1), FC-III (23); Hh, Cp (bor); Filipendulo-Petasition; rC 
50. R. conglomeratus Mun. : WC-I-II-III ( I , 23 , ! ) , BC-II-III (23, !), FC-I (10, 55), FC-III (23, 
!), DC (70 , ! ) , TC (70); H, Cp; Bidention. Agropyro-Rumicion; C 
51. R. crispus L.: WC-II-III ( I , ! ) . BC-I1-11I (35, ! ) . FC-I (11, 55), FC-I1-11I (!), DC (!); H. Eua; 
Agropyro-Rumicion; C 
52. R. hydrolapathum Huds.: FC-III (23, 70), DC, TC (70); H (G), E; Phragmilion; rC 
53. R. maritimus L.: FC-III (23), DC (70); Th. Eua; Bidention; rC 
54. R. obtusifolius L.: WC-II (44. !), BC-l-II (40. !). FC-I (55), FC-III (23); rC 
ssp. silvestris (Lam.) Rech: BC-II (33), FC-III (23. 70). DC (70); 
ssp. transiens (Simk.) Rech: FC-III (23. 70); 
ssp. subalpinus (Schur) Simk.: WC-II (23); H, E; Epilobictalia, Arction 
55. R. palustris Sm. (R. limosus Thuill.): WC-III ( I ) , FC-III (14, 23), DC (8, 14); Th-TH, Eua; 
Phragmitetea-Bidentetea; rC 
56. R. pulcherL. : WC-III (23. 70). BC-11 (33,35) . FC-III (23); Th-TH, Atl-M; Chenopodietalia; 
rC 
57. R. sanguineus L.: WC-I-II-III (1, 23, 43. 44, !). FC-I (10), FC-III (23). DC (70); H. E; 
Alno-Padion; C 
58. R. stenophyllus Ldb.: WC-III, FC-III (23). TC (14); H. Eua (C); Beckmannion, Bidentetea; 
I 
59. R. x acutus L. (crispus x obtusifolius): FC-III (23) 
60. R. x confinis Hausskn. (crispus x obtusifolius ssp. silvestris): FC-III (70) 
61. R. x dufftii Hausskn. (obtusifolius x sanguineus): FC-III (23) 
62. R. x palustroides Simk. (palustris x obtusifolius ssp. silvestris): FC-III (23, 60) 
C H E N O P O D I A C E A E 
63. Suaeda maritima (L.) Dumort: WC-III (23); I 
var. filiformis (Dumort) Graebn.: WC-III (23); Th, Cosm 
PORTULACACEAE 
64. Montia fontana L.: (M. verna Necker): BC-l-II (23, 41. Herb. Pop). FC-III (23); Th, Cp 
(bor); Nanocyperion, Cardamino-Montion; E 
C A R Y O P H Y L L A C E A E 
65. Cucubalus baeeifer L.: WC-II (44, ! ) . WC-III (70), BC-II (33 . ! ) . FC-I (11. 57), FC-III (70), 
DC (70); H. Eua; Senecion fluviatilis, Calystegion; C 
66. Lychnis flos-cuculi L.: WC-l-l l- l l l (1. 70, 44, !), BC-l-II (28. 35, 40. 4 1 . ! ) . FC-I-II-III ( I I . 
16, 30, 27, 50, 55 , ! ) ; H. Eua; Molinietal ¡a. Magnocaricion; C 
67. Moehringia muscosa L.: WC-I (1). WC-II (44). FC-I (10, 55); H. Eue; Moehringion 
muscosae; K 
68. Myosoton aquaticum (L.) Mnch. (Stellaria aquatica (L.) Scop.): WC-II-III (1, 23. 44). 
BC-I-II (35. 40 , ! ) , FC-I (11, 37. 55), FC-III (23); Th-TH. F.ua (M); Alno-Padion, Senecion 
fluviatilis; rC 
69. Saponaria ofTicinalis L.: WC-II-III (1. 23, 70,!) , BC-II-III (33 . ! ) . FC-I (11, 57), TC (70); C 
f. glaberrima Ser.: FC-I (57); H, Eua (M); Senecion fluviatilis, Calystegion 
70. Spergularia rubra (L.) J. et C. Presl.: WC-III ( I ) , FC-I (11), DC. TC (70); Th-H, Cp (bor); 
Nanocyperion, Bidentetea; rC 
71. Stellaria alsine Grimm.: FC-1 (37, 50, 52, 54, 55); H Cp (bor); Cardamino-Montion; rC 
72. S. palustris Retz.: FC-I (57); H, Eua: Caricetalia nigrac. Alnetea; E 
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N Y M P H A E A C E A E 
73. Nymphaea alba L.: TC (70, 73); Hh, E (M); Nymphaeion; V 
74. N. lotus L.: 
var. thermal is (DC.) Tusz.: FC-III (23, 31); Hh, Trop; Nymphaeion; E 
75. Nuphar lutea (L.) Sibth. et Sm.: WC-III (70), BC-III (70, !), FC-III (70); Hh, Eua (M); 
Nymphaeion; R 
C E R A T O P H Y L L A C E A E 
76. Ceratophyllum demersum L.: WC-II-III (1, 23, 70, !), BC-II-III (34, 39, !), FC-III (31, 60, 
70 , ! ) , DC (!), TC (70, !); Hh, Cosm; Potametea; rC 
77. C. submersum L.: BC-II (34), BC-III (14), FC-III (23, 60), DC (14); Hh, Eua (M); 
Hydrocharition, Potamion; R 
R A N U N C U L A C E A E 
78. Caltha palustris L. 
ssp. laeta S„ N. et Ky: WC-I (!), BC-I-II (35, 41 , ! ) , FC-I (11, 49. 52, 55 , ! ) , FC-II (16); C 
var. pseudocornuta Zap.: FC-III (23); 
var. alpina (Schur) Graebn.: WC-I (I) ; H, E; Calthion, Alno-Padion, Magnocaricetalia 
79. Myosurus minimus L.: WC-III (1, 23), BC-III, FC-III (23); Th, Cp; Nanocyperion; V 
80. Ranunculus aquatilis L.: WC-II-III ( I . 70, 44), BC-III (8, 70), FC-I ( I I , !), FC-III (23, 60, 
70), DC. TC (70); rC 
f. succulentus: WC-III (70); 
f. peltatus: DC, TC (70); 
f. crenatus: WC-III. FC-III (70); 
f. dissectus: WC-III, FC-III (70); Hh, Cosm; Potamion, Nymphaeion 
81. R. f lammula L.: WC-II (1, 61). BC-II-III (35,! ) , FC-I (23, 11, 55); rC 
f. pilifer (Beck) Borza: BC-II (35), FC-III (23); 
f. tenuifolius Wallr.: FC-I (55), FC-III (23); H, Eua; Magnocaricion, Caricion canescenti-nigrae 
82. R. lateriflorus DC.: WC-III (23 . ) . FC-III (23. 60), TC (14, 73); Th. Eua (C); Beckmannion. 
Nanocyperion; V 
83. R. peltatus Schrank: BC-I (23), FC-III (23. 60); WC-III (9, 70), TC (70); Hh, E; Potamion; 
V 
84. R. repens L.: WC-I-II-III (1 ,43 , ! ) , BC-I-II-III (35,! ) , FC-I-II-III (11, 16,49, 55 , ! ) . DC (!); 
H, Eua (M); Alno-Padion, Agopyro-Rumicion, Calystegion; C 
85. R. sceleratus L.: BC-II (!), FC-1 (11. 55), FC-III (23), TC (14); Th, Cp; Bidention; C 
86. R. trichophyllus Chaix.: WC-III (1, 23), FC-I (57 , ! ) , FC-III (23), DC (70); rC 
var. paucistramineum Tausch: FC-II (30); Hh, E; Potamion 
87. R. circinatus Sibth.: FC-I (!); Hh, Eua; Potamion; V 
88. Thalictrum lucidum L.: BC-II (!), FC-I (55); rC 
var. angustifolium (Jacq.) Nyár. 
f. angustissinuim (Cr.) Nyár.: WC-II (23); 
f. peucedanifolium Gris. et Schenk.: BC-I-II (23), FC-III (23); 
var. stenophyllum (Wimm, et Grab.) Hay. 
f. subglabrum (Simk.) Nyár.: WC-III (23); 
var. heterophyllum (Wimm, et Grab.) Hay.: BC-I-II, FC-III (23); 
f. nigricans Scop.: FC-I (11); H, Ec; Alno-Padion, Filipendulo-Petasition 
89. Trollius europaeus L.: FC-I (10, 50. 55); H, E; Molinietalia; R 
BRASSICACEAE 
90. Cardamine amara L.: FC-I (10, 23. 50. 52, 54, 55), FC-Ill (23, 60); 
55 
var. macrophylla Wender: FC-I (55), FC-III (23); H. Eua (M); Cardamino-Montion. 
Alno-Padion; C 
91. C. flexuosa With.: BC-I (23), FC-I (10, 11, 55), FC-III (23); Th-TH, Cp (bor); 
Cardamino-Montion; rC 
92. C. pratensis L.: WC-I-II-III (1 , ! ) , BC-I (23 , ! ) , FC-I (10, 23. 49, 50, 52. 55 , ! ) , FC-II (16). 
FC-III (23); C 
ssp. mathiolii Moretti (ssp. hayneana (Welw.) O. E. Schultz): WC-III (70), FC-1 (10, 11), FC-II 
(30); 
ssp. rivularis Schur: FC-I (10, 55); H, Cp (bor); Carícetalia nigrae, Molinietalia 
93.Rorippa amphibia (L.) Bess.: WC-II (1), WC-III (70), BC-III (23,! ) , FC-III (60. 70), DC (70, 
!); Hh, Eua (M); Phragmitetea, Populetalia, Alnetea; C 
94. R. austriaca (Cr.) Bess.: WC-II (1), WC-III (I), BC-III (!), FC-I (11, 55), DC (!), TC (14); 
H-G, Ec; Senecion fluviatilis, Agropyro-Rumicion; C 
95. R. islandica (Oed.) Borb.: WC-II-III (1, 23), FC-I (23, 55, 57, 60), FC-III (23); Th-TH, 
Cosm; Bidention; rC 
96. R. sylvestris (L.) Bess.: WC-II-III (1, 44, !). BC-I-II (34, 35, I), FC-I (10, 49. 50, 55); C 
ssp. kernen (Menyh) Soö: FC-III (23); H-G, E; Agropyro-Rumicion, Beckmannion 
97. R. x armoracioides (Tsch.) Fuss (austriaca x sylvestris): WC-III (1, 2 3 , 7 0 , ! ) , FC-I (53), DC 
(70); 
var. terrestris Tsch.: WC-III, TC (70); 
var. pinnatifida (Tsch.) Borb.: WC-III (23), FC-III (60) 
98. R. x hungarica Borb. (amphibia x austriaca): TC (70); 
var. riparia (Simk.) Nyár.: FC-III (60) 
DROSERACEAE 
99. Aldrovanda vesiculosa L.: FC-III (70); Hh, Adv; Lemnion, Hydrocharition; Ex? 
100. Drosera rotundifolia L.: BC-I (28, 61), FC-I (10, 23, 37, 38, 50, 55); H, Cp (bor); 
Sphagnetalia fusci, Caricetalia nigrae; Ex? 
SAXIFRAGACEAE 
101. Chiysosplenium altemifolium L.: WC-I-II (1), FC-I (10, 11, 52, 55); H, Cp (bor); 
Alno-Padion; rC 
PARNASSIACEAE 
102. Parnassia palustris L.: WC-I-II ( I ) , BC-I (33 ,36 .40) , FC-I ( 1 0 , 3 7 . 5 0 . 54 ,55) ; H. Cp (bor); 
Tofieldetalia, Molinion; C 
ROSACEAE 
103. Filipéndula ulmaria (L.) Maxim: WC-I (!), BC-I-II (35,! ) , FC-I-II (10, 11, 30, 49, 50, 52, 
55,1); C 
f. denudata (J. et C. Presl.) Beck: FC-I (23, 55); 
f. glauca (Schulz) A. et G.: FC-I (55); H, Eua; Filipendulo-Petasition, Alno-Padion. Molinietalia 
104. Geum rivale L.: BC-1 (40), FC-I (10. 23. 49, 50, 52, 55); H, Cp (bor); Calthion, 
Filipendulo-Petasition, Adenostylion; C 
105. Potentilla anserina L.: WC-II-III ( 1 , 44 , ! ) , BC-I-II-III (23, 33, 35 , ! ) , FC-I (11, 50, 55, 57), 
FC-III (23); H, Cosm; Plantaginetea, Bidentetalia, Molinietalia; C 
106. P. palustris (L.) Scop. (Comarum palustre L.): FC-I (37, 55), FC-II (30); Hh, Cp (bor); 
Caricetalia nigrae, Alnetea; C 
107. P. supina L.: FC-I (10, 11); Th-H. M; Nanocypeiron. Bidention; rC 
108. Sanguisorba officinalis L.: WC-II-III ( I . 23, !), BC-II-III (23). FC-III (23. 27); H, Eua; 
Molinietalia; C 
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F A B A C E A E 
109. Amorpha fruticosa L.: WC-III (43, !), BC-III (!), FC-I (11), DC (!); mPh. Adv; Salicion 
a l b a e ; C 
110. Galega officinalis L.: WC-II-III (1, 28 ,44 , !), BC-I-Il-III (14, 34. !), FC-I (55), DC (14); C 
f. albiflora Boiss.: BC-I (23. 34); 
f. variegata Thell.; BC-I (34); H, P-M; Molinietalia, Calystegion 
111. Glycyrrhiza echinata L.: WC-III (1, 23, 70. 44, !), BC-III (!), FC-III (70, !), DC, TC (70. 
!); H, P-M; Calystegion, Salicetea, Phragmitetea; rC 
112. Trifolium hybridum L.: WC-I-II (1, 44, !), BC-I (23, 40). FC-I-II (10. 16). FC-III (23, 27), 
TC (70); C 
var. elegans (Savi) Boiss.: BC-I (23), FC-III (60); H, E (M); Molinietalia 
113. T. omithopodioides Sm.: WC-III (1, 23), BC-III (23); Th, Atl-M; Puccinelletalia; rC 
GERANIACEAE 
114. Géranium palustre Torner: BC-I (23), FC-I (37, 57), FC-II (16), FC-III (60); H, Eua (C); 
Filipendulo-Petasition; C 
EUPHORBIACEAE 
115. Euphorbia palustris L.: FC-III, DC, TC (70); H-Hh, E; Convolvuletalia, 
Filipendulo-Petasition, Agrostion-Beckmannion; rC 
116. E. serrulata Thuill. (E. stricta L.): WC-II (1, !), BC-II-III (33, !), FC-I (11, 55); Th. E (C); 
Alno-Padion, Senecion fluviatilis. Calystegion; C 
BALSAMINACEAE 
117. Impatiens noli-tangere L.: WC-I (1, !), BC-I-II (35, 40, !), FC-I (10, 11, 50, 52, 55, !); Th. 
Eua; Alno-Padion; C 
R H A M N A C E A E 
118. Frangula alnus Mill.: WC-I-II (1, !), BC-I (!), FC-I (11, 55, !). FC-III (42); mPh, Eua; 
Alno-Padion; C 
VITACEAE 
119. Vitis silvestris Gmel.: WC-II-III (1, !), BC-Il-III (23), DC, TC (70); mPh, P-M; Salicion 
albae, Alno-Padion; C 
120. Parthenocissus inserta (A. Kern.) K. Fritsch: WC-II (!), mPh, Adv; Salicioin albae; C 
HYPERICACEAE 
121. Hypericum humifusum L.: BC-II (33, !); Th, Eua; Nanocyperion; rC 
122. H. tetrapterum Fries. (H. acutum Moench.): WC-l-II (1 ,23) , BC-II-III (23 ,35 , !), FC-I (57); 
H, E; Filipendulo-Petasition, Glycerio-Sparganion, Magnocaricion; C 
ELATINACEAE 
123.Elatine alsinastrum L.: WC-III (70), BC-III (14), FC-III (60), DC (14), TC (14, 70); Hh 
(TH-H), Eua (M); Nanocyperion, Potamion; rC 
124. E. ambigua Wigth.: FC-III (23); Hh, Eua; Nanocyperion; V 
125. E. hexandra DC.: WC-III (1, 23); Hh, E; Nanocyperion; V 
126. E. hungarica Moesz: WC-III ( I . 23, 70), TC(14, 70); Hh, Eua (M); 
Nanocyperion-Potamion; V 
127. E. hy'dropiper L.: WC-III (70), FC-III (60), TC (14); Hh (Th), Cp (bor); Nanocyperion; rC 
128. E. triandra Schk.: FC-III (14,60) , DC. TC (14); Hh, Cp (bor); Oryzion; rC 
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CUCURBITACEAE 
129. Echinocystis lobata (Mchx.) Torr, et Gray: WC-II-III (!), BC-III, DC(!); Th, Adv; 
Calystegion-Senecion fluviatilis; C 
130. Sicyos angulata L.: WC-III, FC-III (23); Th, Adv; Calystegion; K 
LYTHRACEAE 
131. Lythrum hyssopifolia L.: WC-III ( I , 23), BC-II (!), BC-III (Herb. Pop), FC-III (23, 14, !). 
DC (14), TC (8); rC 
f. kemeri Janka: FC-I (23); Th, Cosm; Nanocyperion 
132. L. salicaria L.: WC-1-II-III (1. 43 , ! ) , BC-I-II-III (23, 33. 35, !), FC-I-II-III (11, 23, 27. 30. 
51. 55, 57 , ! ) , DC (8, 14,!) , TC (14); C 
f. glabrescens Neilr.: BC-II (23, 33), FC-III (23); 
var. tomentosum DC.: FC-III (23); Hh, Cosm; Filipendulo-Petasition. Phragmitetea, Salicetea 
133. L. tribracteatum Salzm.: BC-III (39), TC (8, 14, 70, 73); rC 
var. salzmannii: BC-III (Herb. I. Pop); Th, Eua (C); Nanocyperion 
134. L. virgatum L.: WC-III (1, 23, 43, !), BC-III (!), FC-UI (!), DC (14), T C (8); H-Hh, Eua 
(C); Agrostion-Beckmannion; C 
135. L. x scabrum Simk. (salicaria x virgatum): WC-III (1, 23), FC-III (60) 
136. Peplis portula L.: WC-II-III (1, 70), BC-II-III (14,!) , FC-I (37, 55 ,61) , FC-III (23. 70). DC 
(14), TC (14, 70); Th, Atl-M; Nanocyperion; C 
TRAPACEAE 
137. Trapa natans L.: WC-III (1, 23, 70), BC-III, DC (!), TC (73); rC 
f. conocarpa Aresch.: WC-III (67, 70); 
f. cruciata Glück: WC-III, TC (67); 
f. glückii (f. bicornis): WC-III, TC (67); 
f. coronata (incl. hungarica): TC (67); 
f. platyacantha: WC-III, TC (70); Hh, Eua (M); Nymphaeion 
O N A G R A C E A E 
138. Epilobium adenocaulon Hausskn.: WC-II (!); H, Adv;Filipendulo-Petasition. Molinietalia; 
rC 
139. E. alsinifolium Vill.: BC-1 (23, 61), FC-I (57); C 
var. villarsii (Levl.) Thell.: BC-I (23); H, Eua; Montio-Cardaminetea 
140. E. dodonaei Vill. (Chamaenerion palustre Auct.); FC-I-II-III (23, 60, !); H, Ec; Epilobion 
flaischeri; C 
141. E. hirsutum L.: WC-I (!), WC-II-III (1 . ! ) , BC-I-II ( 3 5 , 4 0 , ! ) , FC-I (57), DC, T C (14); C 
var. villosum (Roch.) Hausskn.: WC-III (70 with f. eriocarpum Borb.), BC-II (23, 34), DC (70) 
var. tomentosum Hausskn.: BC-II (23, 34); H (Hh), Eua (M); Filipendulo-Petasition, 
Phragmitetea 
142. E. obscurum (Schreb.) Roth.: FC-I (10, 23, 51); H, Atl-M; Cardamino-Montion, Glycerio 
-Sparganion; rC 
143. E. palustre L.: WC-I-II (1 . ! ) , BC-I (35, 40, 41 , ! ) , FC-I (10, 37. 50, 52, 54, 55); C 
f. glandulosum Hausskn.: BC-1 (23, 34); 
var. fontanum Hausskn.: BC-I (23, 28); 
var. pilosum Hausskn. 
f. subdenticulatum K. Rubner: BC-I (34); 
f. pilosum Hausskn.: FC-I (55); 
f. subvillosum (Schur) Borza: FC-I (55); H, Cp (bor); Caricetalia nigrae, Calthion 
144. E. parviflorum (Schreb.) Wither: WC-I-II (1, !), BC-1-II-III (14. 33, !), FC-I (10, 11. 50, 
55 ,57) , DC (14); C 
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f. mollissimum Welw.: BC-II (23, 34); H, Eua; Glycerio-Sparganion, Molinietalia 
145. E. roseum (Schreb.) Pers.: WC-II, BC-I (23), FC-I (52), FC-III (60); H, Eua; 
Glycerio-Sparganion; rC 
146. E. tetragonum L. (E. adnatum Gris.): WC-I-II-III (1, 23), DC. TC (70); H, Eua; 
Agrostion-Magnocaricion; rC 
147. E. x dacicum Borb. (obscurum x parviflorum): FC-I (55) 
148. E. x finitimum Hausskn. (alsinifolium x nutans): BC-1 (23, 61) 
149. E. x haynaldianum Hausskn. (alsinifolium x palustre): FC-I (55) 
150. E. x subhirsutum Genn. (hirsutum x parviflorum): FC-III (23) 
151. Ludwigia palustris (L.) Elliot: WC-III (1, 2 3 , 6 7 , 70); Th-H|i, Atl-M; Magnocaricion; R 
HALORAGACEAE 
152. Myriophyllum spicatum L.: WC- III, BC-II-II1 (!), FC-I (11). FC-III (!), TC (73); Hh, Cp 
(bor); Potamion, Nymphaeion; C 
153. M. verticillatum L.: WC-III (70), BC-III (!), FC-III, TC (70); K 
f. pinnatifidum Koch: FC-III (60); Hh, Cp (bor); Nymphaeion, Potamion 
APIACEAE 
154. Aegopodium podagraria L.: WC-I-II (1, 44, !). BC-I-II-III (39, 40, !), FC-I-II-III (11, 42, 
53 , ! ) ; H (G), Eua; Alno-Padion;C 
155. Angelica archangelica L.: FC-I (52, 55, 56); TH-H, Eua (bor); Adenostyletea; V 
156. A. silvestris L.: WC-I-II (1 , ! ) , WC-III (!), BC-I (40.! ) , FC-I (11. 55. 61); rC 
var. elatior Wahlbg.: BC-II (23). FC-III, DC (70); H, Eua (C); Alnion glutinosae, Molinietalia 
157. Chaerophyllum hirsutum L.: (C. cicutaria Vill.): FC-I (10, 23, 49. 50, 52, 55); rC 
f. rubriflorum (DC.) Borza: FC-I (55); H, Ec; Filipendulo-Petasition 
158. Heracleum palmatum Baumg.: FC-I (52); H, End; Adenostylion; R 
159. Oenanthe aquatica (L.) Poir.: WC-III (1), BC-III (14), FC-II (16), FC-III (!), TC (14); Hh, 
Eua; Phragmitetalia; rC 
160. O. banatica Heuff.: WC-II-III (1, 23), BC-II (23, 34), FC-I (23. 37, 55), FC-III (23 .60 , 70); 
H, D-B-Pn; Alno-Padion; rC 
161. O. sialifolia M. B.: WC-II-III (1. 23, 70), BC-II (23), FC-I (11. 23), TC (14); rC 
var. media (Gris.) Beck: FC-III (23, 70), T C (70); H. M; Agrostion stoloniferae 
162. Selinum carvifolia L.: WC-II-III (23), FC-I (11), FC-III (23, 60); H. Eua; Molinion; rC 
163. Sium erectum Huds. (Berula erecta (Huds.) Covil.): WC-II-III (1, !); Hh, Cp (bor); 
Glycerio-Sparganion, Magnocaricion, Alno-Padion; C 
164. S. latifolium L.: FC-I (!), FC-II (16), FC-III (23); Hh, Eua; Phragmition; C 
165. S. sisarum L.: (S. lancifolium M.B.): WC-II-III (1); Hh, Eua (C); Phragmition; rC 
ERICACEAE 
166. Andromeda polifolia L.: FC-I (37, 38); Ch-nPh, Cp (bor); Sphagnetalia fusci; Ex? 
167. Vaccinium oxycoccos L.: FC-I (23, 37); Ex? 
ssp. microcarpum (Turcz.) M. N. Blytt: FC-I (37); Ch (bor); Sphagnetalia fusci 
PRIMULACEAE 
168. Centunculus minimus L.: WC-II-III (1. 23, 61), FC-1 (57); Th, Eua; Nanocyperion; R 
169. Hottonia palustris L.: FC-III (60, 67, 70); Hh, E; Potamion; E 
170. Lysimachia nemorum L.: FC-I (11); H, E; Cardamino-Montion; R 
171. L. nummularia L.: WC-II-III (1 ,43 , ! ) , BC-I-II ( 3 5 , 4 0 , 4 1 , ! ) , FC-I (10, 11, 55 . ! ) , TC (14); 
Ch, E; Alno-Padion, Calthion, Filipendulo-Petasition, Phragmitetea, Plantaginetea; c 
172. L. vulgaris L.: WC-II-III (1, 43 , ! ) , BC-I-II-III (35, 40. !), FC-1-1I ( I I , 30, 55 , ! ) , TC (14); 
C 
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f. pubescens (Maisch et Vollm.) Borza: FC-I (55); H-Hh, Eua; Phragmitetea, Molinio-Juncetea, 
Alnetea 
O L E A C E A E 
173. Fraxinus angustifolia Vahl.: FC-I (57); MPh. P-Pn; Alno-Padion; rC 
GENTIANACEAE 
174. Blackstonia perfoliata (L.) Huds.; E 
ssp. serotina (Koch) Wollm.: TC (73); TH, Atl-M; Nanocyperion 
175. Centaurium littorale (D. Turner) Gilmour (C. uliginosum (W. et K.) G. Beck): TC (14); 
Th-TH, Eua; Molinietalia; R 
176. C. pulchellum (Sw.) Druce: WC-II (1, 23), BC-II (33, !), FC-III (23, !), TC (14); 
f. meyeri Bge.: BC-II (34); Th, Eua; Nanocyperion-Molinietalia; rC 
177. Gentiana pneumonanthe L.: WC-II ( I . 23), BC-I (33); H, Eua (M); Molinion; rC 
178. Swertia perennis L.; E 
var. alpestris (Baumg.) Sag. et Sehn.: BC-I (23, 36); H, Eua (bor); Scheuchzerio-Caricetea 
nigrae 
179. S. punctata Baumg.: BC-I (28, 61), FC-I (10); H. Carp-B; Adenostylion; E 
M E N Y A N T H A C E A E 
180. Menyanthes trifoliata L.: FC-I (37, 55), FC-II (30); Hh, Cp (bor); Magnocaricion, 
Caricetalia nigrae; V 
181. Nymphoides peltata (Gmel.) O. Ktze.: WC-III (1, 23, 70), BC-III (70), FC-III (60, 70), TC 
(70); Hh, Eua (M); Nymphaeion; V 
RUBIACEAE 
182. Galium palustre L.: WC-II-III (1, !), BC-I-1I (35, 40 ,41 , !), 
FC-I (10. I I , 50, 52. 54. 55, !), FC-II (16, 30). FC-III, DC (70); H, Cp; Magnocaricion. 
Molinio-Juncetea; C 
183.G. rivale (Sibth. et Sm.) Gris. (Asperula rivalis Sibth. et Sm.): WC-III. FC-I, FC-III (23); H, 
Eua; Alno-Padion; rC 
184. G. rubioides L.: WC-II-III (1, !), BC-I (40), BC-III (!), FC-III (23), DC (70, !); H, Ec; 
Calystegion; rC 
185. G. uliginosum L.: WC-III (!), FC-I (37, 57), FC-III (23); H, Eua; Molinietalia, 
Magnocaricion; rC 
C O N V O L V U L A C E A E 
186. Calystegia sepium (L.) R. Br.: WC-I-II-III (1. !), BC-II-III (!), FC-I (11, 55, 57, !), FC-III 
(23), DC(!); H, Eua; Calystegion, Salicion; C 
B O R A G I N A C E A E 
187. Myosotis caespitosa C. F. Schultz: WC-II-III ( I ) , FC-I (23); Th-TH (H). Cp; Phragmition, 
Magnocaricion; C 
188. M. scorpioides L. (M. palustris (L.) Hill.): WC-I-II-III ( 1. 70, !), BC-I-II (33, 35, 40 ,41 . !), 
FC-I-II (10, 11, 16. 30 ,49 , 52, 55 , ! ) , DC (70); C 
var. elatior Opiz: WC-II (1), FC-I-II (10, 23); Hh. Eua; Calthirtn. Phragmitetea. Alnetea 
189. Symphytum officinale L.: WC-II-III (1, 44, !), BC-III (!), FC-I ( I I , 49, 55, !), FC-II (16, 
!), FC-III ( 14, 27), DC ( 14), TC (8); C 
ssp. uliginosum (Kern.) Nym.: FC-I (23), FC-III (23. 70). DC (70); 
f. inundatum Menyh.: FC-III (70); H, Eua; Molinietalia, Phragmitetea, Alno-Padion 
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CALLITRICHACEAE 
190. Callitriche cophocarpa Sendtn. (C. polymorpha Lönnr.): WC-II-III (1, 70. 44), BC-II (!), 
FC-I (11), FC-III (23, 60, 70); Hh, Eua; Nanocyperion, Potamion; R 
191. C. palustris L. em. Druce (C. verna L.): WC-II-III (1 ,44 . !), BC-II (35, !), FC-I (10), FC-II 
(30), FC-III (23, 68), DC (9), TC (68); R 
f. minima (L.) Topa: FC-III (23); Hh, Cp (bor); Potamion, Nanocyperion 
LAMIACEAE 
192. Lycopus europaeus L.: WC-I-II-III (1, !), BC-1-II-III (35, !), FC-I-II (11 ,30 , 55, 57, !); Hh, 
Eua; Phragmitetea. Bidentetea, Alnetea; C 
193. L. exaltatus L.: FC-I (11), FC-III (23, 70), DC(8 , 70), TC (70); Hh, Eua (C); Phragmitetea, 
Bidentetea, Salicion albae; C 
194. Mentha aquatica L.: WC-II-III (1, !), BC-II (!), FC-I (11, 37, 49, 50, 55. !). FC-II (16, 30. 
!), FC-III (70, !); C 
var. stagnalis Top.: FC-III (8, 70); 
var. riparia (Schreb.) Gusul.: FC-I (70); 
var. capitata (Op.) Briq.: TC (70); Hh-H, Eua; Phragmitetalia, Alnetea, Salicion, Molinietalia 
195. M. arvensis L.: WC-I-II-III (1, !), BC-I-I1-III (35, !), FC-I (10, 11, 54 ,55 ,57 ) . D C , T C (14); 
C 
ssp. arvensis 
var. duftschmidii Top.: FC-III (23); 
var. pasuorum Top.: FC-III (8, 60); 
var. foliicoma (Op.) Top.: FC-I (55); 
ssp. austriaca (Jacq.) Briq. 
var. austriaca: FC-I (55), TC (14); 
var. hostii (Bor.) Top.: FC-I (23); 
var. fontana (Weihe) Top.: FC-I (23); H-G, Cp (bor); Phragmitetea, Molinietalia 
196. M. longifolia (L.) Nath.: WC-I-II-III (1, !), BC-I-II-III (34, 35. 40. !), FC-I-II-III (10. 11, 
52, 55 , ! ) , DC (I); C 
ssp. longifolia 
var. huguenini (Dés et Dur.) Briq.: FC-III (23); 
var. horridula Briq.: FC-III (70); 
var. recta (Dés et Dur.) Top.: FC-III (70); 
var. vallesiaca (Briq.) Trautm.: FC-I (55); 
ssp. mollissima (Borkh.) Dom. 
var. eclytanthea Top.: FC-III (23); 
var hoilosyana (Borb.) Top.: FC-III (23); 
var. leioneura (Borb.) Top.: WC-III, FC-III (70); 
f. herbosa Top.: WC-III (23); 
ssp. incana (Willd.) Gusul. 
var. subincana: FC-III (8); 
var szabolcsensis Top.: WC-III (23); H (G), Eua (M); Molinietalia, Glycerio-Sparganion, 
Filipendulo-Petasition, Bidentetea. Agropyro-Rumicion 
197. M. pulegium L.: WC-II-III (1. !), BC-III (!), FC-III (!). DC (70), TC (8, 70); C 
var. hirsuta (Pér.) Briq.: FC-III (23), DC, TC (70); H, Eua (M); Nanocyperion, 
Agropyro-Rumicion, Agrostion 
198. M. x dalmatica Tausch (arvensis x longifolia): WC-II (1); 
var. bihariensis (Borb.) Briq.: FC-III (8); 
var. skofitziana (A. Kern.) Briq.: WC-II (23, 44) 
199. M. x dumetorum Schultes (aquatica x longifolia) (M. x hirta Willd.) 
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f. bradensis Prod.: WC-I (23); 
f. beiusensis Prod.: BC-II (23) 
200. M. x iraziana Borb. (arvensis x longifolia ssp. ineana): FC-III (8); 
var. peracuta (Borb.) Gusul. 
f. vä$cäuensis Prod.: BC-II (23); 
var. saftae Prod.: WC-I (23) 
201. M. x subspicata Weihe (aquatica x verticillata): FC-III (60) 
202. M. x verticillata L. (arvensis x aquatica): BC-I (34, !), FC-I (61); 
f. dorealis (Top.) Gusul.: FC-III (23, 60) 
203. Scutellaria galericulataL.: WC-I-II-III (1 . ! ) , BC-II (!), FC-I (11, 37, 55. 57 . ! ) , FC-III (23, 
70), DC (70); H, Cp (bor); Magnocaricion, Phragmitetea, Molinietalia; C 
204. S. hastifolia L.: WC-II-III (1, 23, !), FC-I (55), FC-III (23, 27), TC (8, 14); H, Ec; 
Molynietalia, Calystegion; C 
205. Stachys palustris L.: WC-I-II-III (1, 43, !), BC-I-II-III (35, !), FC-I (11, 57); H (G). Cp 
(bor); Phragmitetea, Filipendulo-Petasition, Alnetea; C 
206. Teucrium scordium L.: WC-II (1 ,23) , FC-III (23); H, Eua (M); Magnocaricion, Agrostion; 
rC 
SOLANACEAE 
207. Solanum dulcamara L.: WC-III (!), BC-I (40). BC-II-III (35, !). FC-I ( I I , 57), FC-III (!), 
DC (!); Ch (nPh), Eua (M); Phragmition, Alno-Padion, Calystegion; C 
SCROPHULARICEAE 
208. Gratiola ofFicinalis L.: WC-II-III (1, 28, 61, !). BC-I-II (33, 35, !). FC-I (55), FC-III (14), 
DC, TC (14); H, Eua; Phragmitetea, Molinion-Magnocaricion; C 
209. Limosella aquatica L.: WC-III (70), FC-III (23,60) , TC (14, 70); Th, Cosm; Nanocyperion; 
V 
210. Linderniaprocumbens(Kxocker) Phicox (L. pyxidariaL. p.p.): WC-II-III ( 1 , 2 3 , 6 1 ) , BC-II 
(!), FC-I (23), FC-III (23, 60), TC (8. 70); Th, Eua (M); Nanocyperion; rC 
211. Pedicularis limnogena A. Kern.: FC-I (10, 38. 50); H, Carp-B; Scheuchzerio-Caricetea 
n igrae ;V 
212. P. palustris L.: FC-II (16); H, Eua; Caricetalia davallianae; V 
213. Scrophularia umbrosa Dumort (S. alata Auct.): FC-I (11, 57, !); H, Eua; 
Glycerio-Sparganion, Alno-Padion; C 
214. Veronica acinifolia L.: WC-III (1, 23), FC-III (23); Th, M; Nanocyperion-Beckmannion; 
rC 
215. V. anagalloides Guss.: FC-III (60), DC (70); H-Hh, Eua; Phragmitetea, 
Isocto-Nanojuncetea, Bidentetea; C 
f. levistipcs Borb.: FC-I (10, 23) 
216. V. anagallis-aquatica L.: WC-III (1, 70), BC-I-II (35 .40 , 41. !), FC-I (11, 55, 57). FC-III 
(!), DC (14); C 
f. limosa Krösche: FC-III (23); H-Hh. Cp (bor); Phragmitetea, Bidentetea 
217. V. beccabunga L.: WC-II-III (1. 63, 70. !). BC-I-II-III (33, 35, !). FC-I-Il (11, 16, 50, 52, 
5 5 , 6 1 , ! ) ; C 
f. limosa (Lej.) Math.: FC-I (55); Hh-H. Eua; Glycerio-Sparganion, Bidentetea, Populetalia 
218. V. seilteIlata L.: WC-III (1, 23), FC-I (23, 54. 55), FC-III (23), TC (14, 70); C 
var. pilosa Vahl.: WC-III ( I . 23); 




219. Utricularia vulgaris L.: WC-III (23, !), BC-III (39, !), FC-I (30), FC-III (14, 70). DC, TC 
(14); Hh, Cp; Lemnion, Nymphaeion; rC 
A D O X A C E A E 
220. Adoxa moschatellina L.: WC-II (23), BC-I (36), FC-I (10, 50, 55, 57); H, Cp (bor); 
AIno-Padion; R 
VALER1ANACEAE 
221. Valeriana officinalis L.: WC-I-II (1 , ! ) , BC-I-II (35, 40, !), FC-I (11, 55, 56); C 
var. tenuifolia Vahl.: FC-I (11, 23), DC (70); 
var. latifolia Vahl.: WC-II (70); 
f. altissima (Hörnern.) Koch: WC-II (70), FC-I (11); H Eua (M); Magnocaricion, Molinietalia, 
Filipendulo-Petasition, AIno-Padion 
222. V. sambucifolia Mikan: FC-I (10, 11, 52); H, Ec; Filipendulo-Petasition, Adenostyletalia; 
R 
223. V. simplicifolia (Rchb.) Kabath: FC-I (23, 37); H, Ec; Caricion davallianae, Eriophorion 
latifolii; R 
DIPSACACEAE 
224. Dipsacus pilosus L. (Cephalaria pilosa (L.) Gren.): WC-I-II (1, !), FC-1 (57); TH, Atl-M; 
AIno-Padion;rC 
225. Succisa pratensis Mnch.: WC-II (1, 23), FC-I (10, 50, 54, 55); rC 
f. glabrata (Schott) Jäv.: FC-I (37); H, Eua; Molinietalia 
226. Succisella inflexa (Kluk) Beck: WC-III ( I . 23), FC-I (11); H. Ec; Molinietalia; rC 
ASTERACEAE 
227. Adenostyles alliariae (Gouan) A. Kern. 
ssp. kerneri Simk.: BC-I (23), FC-I (10, 23, 52); H (G), E; Adenostyletalia; rC 
228. Aster punctatus W. et K.; C 
ssp. punctatus: WC-III (23. 70), FC-I (49), FC-III (23. 70). DC, TC (70); 
var. latifolius (Roch.) Borb.: WC-III (1), FC-III (8); 
var. canescens Simk.: FC-III (23, 70), TC (70); 
var. squamosus (Lallem.) Morariu et Nyär.: WC-III (70); H, Eua (C); Puccinelliatalia 
229. A. tripolium L.: DC (8); 
ssp. pannonicus (Jacq.) Beck: DC (14); H, Eua (M); Puccinellietalia; R 
230. Bidens cernua L.: WC-II-III (1, 70), FC-III (70); Th, Eua; Bidention; rC 
231. B. tripartita L.: WC-I-II-III (1, I), BC-I-II-III (!), FC-I (11, 55), FC-II-III (I); Th, Eua; 
Bidentetea; C 
232. Carduus personata (L.) Jacq.: BC-I (40,41) , FC-I (10, 23, 49, 52, 55, 56); C 
var. simplicifolius Sanguin.: FC-I (10, 55); H, Ec; Adenostylion, Filipendulo-Petasition, 
AIno-Padion 
233. Chrysanthemum serotinum L.: DC, TC (70); H, P-Pn; Phragmition; R 
234. Cicerbita alpina (L.) Wallr.: FC-I (10, 52, 55); H, E; Betulo-Adenostyletea; K 
235. Cirsium brachycephalum Jur.: WC-III (23); TH-H, Pn (End); Agrostio-Beckmannion, 
Magnocaricion; rC 
236. C. canum (L.) All.: WC-II-III (1, 70), BC-I (!), FC-I (10 ,11 , 55), FC-III (27); G, Eua (C); 
Molinio-Juncetea, Magnocaricion, Alono-Padion; C 
237. C. erisithales (Jacq.) Scop.: BC-I-II (35, 36), FC-I (10, 49, 50, 55, 56); H, Ec; 
Filipendulo-Petasition; C 
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238. C. helenioides (L.) Hill. (C. heterophyllum (L.) Hill.): FC-I (37); G, Eua; 
Filipendulo-Petasition; K 
239. C. oleraceum (L.) Scop.: WC-II-III (1), BC-l-II (40 . ! ) , FC-I (10. 11, 49, 52, 55); H, Eua; 
Filipendulo-Petasition, Alno-Padion, Callhion; C 
240. C. palustre (L.) Scop.: BC-I-II (35), FC-I (10, 37, 54, 55, 56). FC-III (60); TH. Eua (M); 
Phragmitetea, Molinio-Juncetea; C 
241. C. rivulare (Jacq.) Link.: WC-I-II (1), BC-I (40), FC-I (37, 56, 57), FC-II (16); H. Ec; 
Calthion, Molinion, Magnocaricion, Alno-Padion; C 
242. C. x candolleanum Naeg. (erisithales x oleraceum): FC-I (55) 
243. Crepis paludosa (L.) Moench.: WC-1 (1), BC-I-II (35. 36). FC-I (10, 37, 49, 52, 55). FC-II 
(16); H, E; Calthion, Montio-Cardaminetea, Alno-Padion, Adenostyletalia; C 
244. Eiipatorium cannabinum L.: WC-I-II-III (1. 23. 63 . ! ) . BC-I-II (23. 33. 35. 36, 40. !), FC-I 
(11, 23. 55 , ! ) , FC-III (8, 18), DC (8); H. Eua; Filipendulo-Petasition. Phragmitetea. Alnion 
glutinosae; C 
245. Gnaphalium uliginosum L.: WC-II (1), BC-II (!), FC-1 (10, 55); C 
f. pilulare (Wahlbg.) Nyár.: FC-I (10 ,23) ; 
f. pseudopilulare Scholz: BC-II (23); Th, Eua; Nanocyperion 
247. Helianthus decapetalus L.: WC-II-III, BC-III (!); H, Adv; Salicetalia purpureae: C 
247. Inula helenium L.: WC-II (1). BC-II (23), FC-III (23); H. Adv; Alno-Padion, Senecion 
fluviatilis; C 
248. Petasites hybridus(L.) G. M. Sch.: WC-I-11 (1 . ! ) , BC-I-II (35, 40 , ! ) , FC-I (10, 11, 52. 55, 
!), FC-II (!); H (Hh), Eua; Alno-Padion, Adenostyletalia, Filipendulo-Petasition; C 
249. Pulicaria dysenterica (L.) Gaertn.: WC-II-III (1. 23, 70), BC-II-III (33, 35, !), FC-III (23), 
DC (!); H, E (M); Agropyro-Rumicion, Molinietalia; C 
250. P. vulgaris Gaertn.: WC-II-III (1, 23), BC-II (!). FC-III (!), TC (8); Th. Eua (M); 
Agropyro-Rumicion, Bidention, Isoeto-Nanojuncetea; C 
251. Rudbeckia laciniata L.: WC-I I (1 ,23) , WC-III (!), BC-III (!), FC-I (55), FC-II (16); H, Adv; 
Calystegion; C 
252. Senecio barbaraeifolius (Krok.) Wimm, et Grab.: WC-II ( I . 23), BC-I-II, FC-III (23); C 
var. erraticus Bertol.: FC-III (23); H, Ec; Molinietalia, Magnocaricion 
253. S. fluviatilis Wallr.: FC-III (23, 60); H, Eua (C); Senecion fluviatilis; K 
254. S. paludosus L.: WC-III (23), FC-I (52), DC (70). TC (8); H, Eua; Canción rostratae; C 
var. glabratus Koch: DC (70); 
var. tomentosus (Host) Koch: DC (70) 
255. Solidago canadensis L.: WC-II ( I , 23, 44), BC-III (!); H, Adv; Calystegion; rC 
256. S. gigantea Ait. (S. serótina Ait.): WC-II-III ( I , 23, 43, 70. !), BC-III (!), DC (!); H, Adv; 
Calystegion, Salicetea; C 
257. Taraxacum palustre (Lyons) Svmons: FC-II (16); K 
f. scorzonera (Gaud.) Hay.: FC-II (16); H. E; Eriophorion-Molinion 
258. Telekia speciosa (Schreb.) Baumg.: WC-I-II (1. !), BC-1 (33. 40. !), FC-I (10, 11, 50, 52, 
55, !); H, Carp-B-Cauc; Filipendulo-Petasition, Alnion incanae; C 
ALISMATACEAE 
259 Alisma gramineum Lej.: WC-III (70). FC-III (18); Hh. Cp: Nanocyperetalia, Phragmition; 
V 
260. A. lanceolatum Witcher: WC-I-II-III ( I . 70 , ! ) , BC-II (!), FC-II-III (16, 23, 70 , ! ) , DC, T C 
(70); Hh, Eua; Phragmitetea; C 
261. A. plantago-aquatica L.: WC-II-III (1 , ! ) , BC-II-III (33. !). FC-1 (11, 55, !), FC-II-III (14, 
18. 3 0 , 3 1 , ! ) , DC (!), TC (14, !); Hh, Cosm; Phragmitetea; C 
262. Sagittaria sagittifolia L.: WC-II-III (1, 23. 70 , ! ) , FC-III, TC (70 , ! ) ; rC 
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f. heterophylla (Schreb.) Bolle: FC-III, DC, TC (70) 
f. divaricata (Schur); Hh, Eua (M); Phragmition 
263. S. subulata (L.) Buch.: FC-III (I. Pop, 1973); Hh. Adv; Phragmition; V 
B U T O M A C E A E 
264. Butomus umbellatus L.: WC-III (1), BC-II (!), FC-III (18, 31, !), DC (!), TC(8); Hh, Eua 
(M); Phragmitetea; C 
HYDROCHARJTACEAE 
265. Hydrocharis morsus-ranae L.: WC-II-III (1 ,23 . ! ) , BC-III (39,! ) , FC-III ( 6 0 , 6 6 . 7 0 , ! ) . DC 
(8), T C (!); Hh, Eua; Hydrocharition, Lemnion; rC 
266. Stratiotes aloides L.: WC-I (1, 23), WC-III (23), FC-III (60); Hh, Eua; Hydrocharition, 
Lemnion; R 
267. Vallisneria spiralis L.: FC-III (!); Hh, Cosm; Potamion; E 
JUNCAGINACEAE 
268. Scheuchzeria palustris L.: FC-I (23, 37); G, Cp (bor); Scheuchzerio-Caricetalia nigrae; E 
269. Triglochin palustris L.: WC-III (1, 23), FC-I (57), TC (70); H, Cp (bor); Molinio-Juncetea, 
Scheuchzerio-Caricetea nigrae; K 
P O T A M O G E T O N A C E A E 
270. Potamogeton cripsus L.: WC-III, BC-III (!), FC-I (11, 55), FC-III (14, 18, !), DC (!), TC 
(70, 73 , ! ) ; C 
f. serrulatus (Schrad.) Topa: FC-1 (55); Hh, Cosm; Potametalia 
271. P. lucens L.: DC (14), TC (14, 70, 73); Hh. Eua (M); Potamion; R 
272. P. natans L.: WC-III (70 , ! ) . BC-II (33. !). FC-III (14, 18, 70), DC, TC (14); C 
var. prolixus Koch: FC-III (65) 
f. ovalifolius Fieb.; Hh, Cosm; Potamion, Nyniphaeion 
273. P. nodosus Poir. (P. fluitans Roth p.p.): WC-III, BC-III (!), FC-III (14, 34, !), DC (14, !), 
TC (14, 70 , ! ) ; C 
var. billotii (F. Schutz) Richter: FC-III (23, 65); 
var. stagnalis Koch: FC-III (!); Hh, Cp (bor); Potametalia, Batrachion fluviatilis 
274 . P. gramineus L.: FC-III (70), DC, TC (14); rC 
var. heterophyllus Fr.: DC. TC (14); 
f. myriophyllus: TC (70); Hh, Cp (bor); Potamion 
275. P. pectinatus L.: WC-III (70), BC-II (34), FC-III (14, 60). DC (14, 65, 70), TC (14); C 
var. scoparius Wallr.:DC (70), TC (14); 
var. dichotomus: FC-III (31); 
f. vaillantii: FC-III (70); Hh, Cosm; Potamion 
276. P. obtusifolius Mert. et Koch: FC-I (55); Hh, Cp (bor); Potamion; E 
277. P. pusillus L.: BC-II, FC-I (!), FC-III, DC (14); R 
var. major Mert. et Koch (P. berchtoldii Fieber): FC-I (!); 
f. retifolius Fisch.: FC-I (23); 
f. mucronatus Fieb.: WC-III (65); 
var. tenuissimus Mert. et Koch: BC-II (33); H, Cosm; Potamion 
278. P.trichoides Cham, et Schlecht.: FC-III (!); H, Eua; Potamion; E 
ZANNICHELLIACEAE 
279. Zannichellia palustris L.: WC-III (70 , ! ) , FC-III, DC (70), TC (70,1); R 
ssp. pedicellata Wahlbg. et Rosen: WC-III (65), FC-III (60. 65), DC (66); 
var. aculeata Schur: WC-III, FC-III, DC (66); Hh, Cosm; Potamion, Ruppion 
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NAJADACEAE 
280. Najas marina L.: BC-I1I, FC-III, DC, TC (!)Hh, Cosm; Potamion; rC 
281. N. minor All.: WC-III (1, 23 ,66 , 69), BC-III (!), FC-III (14, 60, 66, 70, !), DC, TC (14 , ! ) ; 
Hh, Eua; Potamion, Ruppion; rC 
LILIACEAE 
282. Veratrum album L.: FC-I (55); G, Eua; Molinion, Adenostyletalia, Rumicion alpini; C 
A M A R Y L L I D A C E A E 
283. Leucojum aestivum L.: DC (70); G, Atl-M; Salicion albae, Calthion; rC 
IRIDACEAE 
284. Gladiolus imbricatus L.: BC-1 (40), FC-I (37, 52, 55); G, Eua (C); Alno-Padion, 
Triseto-Polygonium; rC 
285. Iris pseudacorus L.: WC-II (1), BC-III (!), FC-I (11); G-Hh, E; Phragmitetalia, Alnetea; C 
286.1. sibirica L.: FC-I (11); G, Eua(C) ; Molinion; K 
287.1. spuria L.: WC-II-III (1); G, Pn-D; Molinion; K. 
JUNCACEAE 
288. Juncus alpinus Vill.: FC-I (50); rC 
var. fuscoater Schreb.: FC-I (37, 54); 
var. earpaticus (Simk.) Degen: FC-I (10); H, Cp (bor); Caricion lasiocarpae, Caricetalia 
davallianae 
289. J. artieulatus L.: WC-I-II-III (1 , ! ) , BC-I-II-III (35, 40, 41, !), FC-I (10, 11, 50, 55), FC-II 
(!); H, Cp (bor); Nanocyperion, Calthion, Agropyro-Rumicion; C 
290. J. artratus Krock.: WC-III (1), BC-I-II-III (34, 35, !), FC-I (55), FC-III (60), TC (14); H. 
Eua (C); Agrostion; C 
291. J. bufonius L.: WC-II-III (1 , ! ) , BC-I-II (3, 33, 35, !), FC-I (11, 37, 51, 55), TC (14); Th, 
Cosm; Nanocyperetalia, Bidentetea; C 
292. J. compressus Jacq.: WC-II (1), BC-I (40, 41, !), BC-III (14), FC-I (52, 55), DC, TC (8, 
14); G, Eua; Nanocyperion. Agrostion; C 
293. J. conglomeratus L.: WC-I-II-III (1, 70, 44 , ! ) , BC-I-II (8, 34 , ! ) , FC-I (10, 11, 37, 50, 55), 
FC-III (14), DC (70); H, Eua; Molinietalia, Caricion nigrae; C 
294. J. effusus L.: WC-I-II-III (1 , ! ) . BC-I-II (35 ,41 , ! ) , FC-I (10. 11, 37, 49, 50, 55), FC-II (16. 
30 , ! ) ; C 
var. compactus Lej. et Court.: BC-I (23), FC-I (37); H, Cosm; Molinietalia, Alnetea, Bidentetea 
295. J. filiformis L.: FC-I (50); R 
var. transsilvanicus Schur: BC-I (23); 
f. flaccida Borza et Nyár.: FC-I (10 ,23) ; H, Cp; Caricion canescenti-nigrae 
296. J. gerardi Lois.: WC-II-III (1), FC-I (11), FC-III (70), TC (14); G, Cp (bor); 
Agropyro-Rumicion, Juncion gerardi; R 
297. J. inflexus L.: WC-l-II (1 , ! ) , BC-l-II (33, 35, 40, !). FC-1 (10, 11, 50, 52, 55); C 
var. oligocarpus A. et G.: BC-I (23); II, Eua (M); Agropyro-Rumicion 
298. J. thomassii Ten.: BC-I (23), FC-I (23); H, D-B; Molinietalia; R 
POACEAE 
299. Agrostis canina L.: WC-II (44), BC-I (33), FC-I (37, 54, 55); C 
var. mutica Gaud.: FC-I (23, 37); H, Eua; Molinio-Juncetea, Caricion canescenti-nigrae 
300. A. stolonifera L.: WC-I-II-III ( 1 , 4 3 , 4 4 , ! ) , BC-I-II-III (34 . ! ) , FC-I (11. 55). FC-II (16 ,30 , 
!), FC-III (27 , ! ) , DC (!), T C (73); C 
f. vivipara: BC-II (34); H, Cp (bor); Agrostion stoloniferae, Agropyro-Rumicion 
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301. Alopecurus aequalis Sobol.: WC-II (1), BC-III (14), FC-I (55), FC-II (30), TC(14); H, Cp 
(bor); Nanocyperion, Bidentctalia; C 
302. A. geniculatus L.: FC-I (11, 50, 57), BC-III (14); H, E; Agrostion stoloniferae, 
Agropyro-Rumicion, Beckmannion; rC 
303. A. pratensis L.: WC-II (44), WC-III, BC-II (!), FC-I ( I I , 49), FC-II (16,!) , FC-III (27), TC 
(8, 72, !); H, Eua; Agrostion, Calthion, Filipendulo-Petasition; C 
304. Beckmannia cruciformis (L.) Host.: WC-III (1, 23), FC-III (14, 23), TC (8, 14, 73); H, Cp; 
Beckmannion; rC 
305. Calamagrostis pseudophragmites (Haller fil.) Koeler: WC-II-IU (1, 70, !), BC-II (33, !), 
FC-I (11, 55, 57), FC-III (60 . ! ) ; H, Eua (C); Salicion eleagni, Epilobion fleischen; C 
306. Catabrosa aquatica (L.) P. Beauv.: BC-III (!), FC-I-II (16, 57), DC (!); H, Cp (bor); 
Glycerio-Sparganion, Bidentetea; C 
307. Deschampsia caespitosa(L.) P. Beauv.: WC-I-II (1 , ! ) , BC-I-II (!), FC-I (49, 52,55) , FC-III 
(27); C 
f. varia (Wimm. Et Grab.) Nyär.: BC-I (34), FC-I (10); 
f. altissima (Mnch.) A. et G.: FC-I (10); H, Cosm; Molinietalia, Adenostyletalia 
308. Festuca arundinacea Schreb.: WC-III (1, 70); H, Ec; Molinietalia, Agrostion, 
Agropyro-Rumicion; rC 
309. F. gigantea (L.) Vill.: WC-II (1), BC-I (40), BC-III (Herb. 1. Pop), FC-I (55), DC (70); H, 
Eua; Alno-Padion; rC 
310. F. pratensis Huds.: WC-III (70), BC-I-II (33, 35), FC-I (11), FC-II (16 , ! ) , FC-III (27), DC, 
TC (70); H, Eua; Molinio-Arrhenatheretea; C 
311. Glyceria fluitans (L.) R. Br.: WC-II-III (1 . ! ) , BC-II-III (!), FC-I (55), FC-III, T C (14); C 
var. poaeformis Fr.: TC (8); Hh-H, Cosm; Glycerio-Sparganion 
312. G. maxima (Hartm.) Holmberg: WC-II-III (1, !), BC-II (!). FC-I (55, 57, 70), FC-II (16), 
FC-III (I), TC (14); Hh-H, Cp; Phragmition; C 
313. G. nemoralis Uechtr.: BC-I-II (34 ,35 , ! ) , FC-I (57); Hh, Ec-Sarm; Cardamino-Montion; rC 
314. G. plicata Fries.: BC-II (!), FC-I (10, 11, 49, 55), FC-II (30, !), TC (14); Hh, Eua (bor); 
Glycerio-Sparganion; rC 
315. Heleochloa alopecuroides (Piller et Mitterp) Host.: WC-III (1), BC-III (!), FC-III (60); Th, 
Eua; Cypero-Spergularion; C 
316. Leersia oryzoides (L.) SW.: WC-I-II-III (1, 63, 70, !), BC-II (!), FC-III (60, 70); Hh, Cp 
(bor); Glycerio-Sparganion, Bidentetea; C 
317. Molinia coerulea (L.) Moench.: WC-II (1), FC-I (10, 37, 50. 55); H, Eua; Molinion; C 
318. Phalaris arundinacea L. (Typhoides arundinacea (L.) Mnch.): WC-II (1), BC-II (!), FC-II 
(16), TC (8); C 
f. pallida Sw.: BC-II (34); Hh-H, Cp (bor); Agrostion stoloniferae, Caricion gracilis 
319. Phragmites australis (Cav.) Trin. et Steud.: WC-II-III (1, 44. !), BC-II-III (34. 35 . ! ) , FC-I 
(11, 55 , ! ) , FC-II (16,! ) , FC-III (31 , ! ) , TC (73, ! ) ; C 
var. flavescens Custer: WC-III, FC-III (23); Hh, Cosm; Phragmition 
320. Poa palustris L.: WC-II-III (1, 43, 70 . ! ) , BC-II-III (!), FC-I (11. 50, 53), DC (70); C 
f.depauperata (Kit.) A. et G.: WC-III, BC-III (70); H, Cp (bor); Calthion. Magnocaricion, 
Alnion, Phragmition 
A R A C E A E 
321. Acorus calamus L.: WC-III (23, 70); Hh (G). Adv; Phragmitetalia; Ex? 
L E M N A C E A E 
322. Lemna gibba L.: WC-II-III (1, 23, 70), FC-III (60), TC (!); Hh, Cosm; Lemnion; R 
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323. L. minor L.: WC-I (!). WC-II-III (1, 44, !), BC-II-III (14, 34, 39, !), FC-I (11, !), FC-II 
(30,!), FC-III (14 , ! ) , DC, TC (14 , ! ) ; Hh, Cosm; Lemnion; C 
324. L. trisulca L.: WC-II (44), WC-III (70), BC-III (!), FC-III (18, 31, 60, 70); Hh. Cosm; 
Lemnion; rC 
325. Spirodela polyrrhiza (L.) Schlch.: WC-III (66, 70 . ! ) . BC-III (!), FC-III (18, 31, 60, 70 , ! ) , 
DC, TC (!); Hh, Cosm; Lemnion; C 
326. Wolffia an-hiza (L.) Horkel: BC-III (39); Hh, Atl-M; Lemnion; E 
SPARGAN1ACEAE 
327. Sparganium erectum L.:; C 
ssp. erectum: WC-III (1, 70), BC-II (14 , ! ) , FC-I (11), FC-II (30), DC, TC (14); 
var. angustifolium Wamst.: BC-II (34); 
ssp. neglectum (Bceby) Sch. et Thell.: FC-I (55), FC-III (23,31); I lh , Eua; Glycerio-Sparganion, 
Phragmition 
328. S. emersum Rehmann (S. simplex Huds.): WC-III (!); Hh, Eua; Phragmition; R 
329. S. minimum Hill.: FC-I (23, 37, 38); Hh, Cp (bor); Potamion-Magnocaricion; Ex? 
T Y P H A C E A E 
330. Typhaangust i fol ia L.: WC-II-III (1 , ! ) , BC-II-III (34. 39 , ! ) , FC-I (11, 55, !), FC-II-III (!). 
TC (70); Hh, Cosm; Phragmition; C 
331. T. latifolia L.: WC-I-II-III (1 , ! ) , BC-I-II-III (34,! ) , FC-I-II (11, 55 , ! ) . FC-III (18, 31), DC 
(!), T C (8); Hh, Cosm; Phragmition; C 
CYPERACEAE 
332. Acorellus pannonicus (Jacq.) Palla: WC-III (23); Th, Eua (C); Cypero-Sparganion; V 
333. Blysmus compressus (L.) Panz.: FC-III (23); G, Eua; Agropyro-Rumicion, 
Molinio-Juncetea; R 
334. Bolboschoenus maritimus (L.) Palla: WC-III ( I , 8), BC-III (!), DC, TC (8); Hh, Cosm; 
Bolboschoenion; rC 
335. Carex acutifomiis Ehrh.: WC-I-II (1 ,44 , ! ) , WC-III (70), BC-II (!), FC-I-II ( 1 1 , 1 6 , 3 0 , 50), 
FC-III (70); Hh, Eua (M); Magnocaricon, Caricion gracilis; C 
336. C. appropinquata Schumacher: FC-I (23), FC-II (16); Hh, Eua; Magnocaricon, Caricion 
rostratae; Ex? 
337. C. buekii Wimm.: FC-III (23, 60); Hh, P-Pn; Magnocaricon. Caricion rostratae, 
Glycerio-Sparganion; R 
338. C. buxbaumii Wahlenb.: FC-I (23 ,37 , 38), FC-II (30); G, Cosm; Magnocariocon, Caricion 
rostratae, Molinietalia; rC 
339. C. canescens L.: FC-I (10. 23, 37, 38, 50, 55); H, Cp (bor); Caricion canescenti-nigrae; rC 
340. C. distans L.: WC-I-II (1, !), BC-I (40, !), FC-I (11, 55); H, E; Agrostion stoloniferae, 
Eriophorion latifolii, Molinion; rC 
341. C. divisa Huds.: WC-III (!); G, Eua; Molinietalia, Juncion gerardi; rC 
342. C. elata All.: FC-II (30 , ! ) ; Hh, E; Magnocaricon, Caricion rostratae; rC 
343. C. elongata L.: FC-I (23, 57); H, Eua (bor); Alnion glutinosae; rC 
344. C. flacca Schreber: WC-II (1); G, Eua; Magnocaricion, Molinietalia; rC 
345. C. flava L.: WC-I-II (1 . ! ) . BC-I-II (35. 36. 40. 41 . ! ) . FC-I (10. 50. 54. 55). FC-II (16): H. 
Cp (bor); Caricetalia davallianae, Calthion, Eriophorion latifolii; C 
346. C. gracilis Curt.: WC-II-III (1 , ! ) , BC-I-II (!), FC-I (23,54), FC-II (16, 30), FC-III (23), T C 
( ! ) ; C 
var. sphaerocarpa (Uechtr.) Kükenth.: TC (70); 
var. serotina: DC (70); Hh-G, Eua; Caricion gracilis, Alno-Padion, Magnocaricion, Calthion 
347. C. hirta L.: WC-II (!). BC-I-II (35, 4 0 , 4 1 , ! ) , FC-I-II (11, 30, 55), FC-III (27); C 
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var. hirtiformis Pers.: DC (70); G, E (M); Magnocaricon, Agropyro-Rumicion 
348. C. lasiocarpa Ehrh.: FC-I (55); Hh, Cp (bor); Caricion lasiocarpae; Ex? 
349. C. lepidocarpa Tausch: WC-1 (1), BC-I (40, 41, !), FC-I (11, 23, 37, 54, 55, 57); H. E; 
Eriophorion latifolii, Montio-Cardaminetea; C 
350. C. leporina L.: WC-I-II (1 , ! ) , BC-I-II (35, 4 0 , 4 1 , ! ) , FC-I-II (10, 30, 37, 49, 50, 55 , ! ) ; C 
f. robusta (Fiek) Borza: FC-I (23); 
f. argyroglochin (Hörnern.) Kükenth.: FC-I (10, 23); 
f. capitata (Sonder) Kükenth.: FC-I (10, 23); H, Eua (bor); Molinio-Juncetea, Caricion 
canescenti-nigrae 
351. C. limosa L.: FC-I (23, 37, 38, 50, 55); H, Cp (bor); Rhyncosporion; R 
352. C. magellanica Lam.: FC-I (10, 23, 37, 38, 50), BC-I (23); H, Cp; Scheuchzerio-Caricetea 
nigrae; V 
353. C. melanostachya Bieb.: WC-II (1), FC-I (57), FC-III (60), TC (73); Hh, Eua (C); 
Magnocaricion, Caricion gracilis, Agrostion; rC 
354. C. nigra (L.) Reichard. (C. fusca All.): WC-II (1), FC-I (37, 55), FC-II (30 , ! ) ; G, Cp (bor); 
Caricetalia nigrae; C 
355. C. paniculata L.: FC-I-II (11, 16, 23, 37); Hh, Ec; Magnocaricion, Caricion rostratae; rC 
356. C. pauciflora Lightf.: FC-I (10, 23, 37, 38, 50); H, Cp (bor); Oxycocco-Sphagneteä; E 
357. C. pendula Host.: WC-I (1); H, Atl-M; Alno-Padion; R 
358. C. pseudocyperus L.: WC-III (1, 23); Hh, Cp (bor); Magnocaricion, Caricion rostratae; rC 
359. C. remota Grufb.: WC-II (1), BC-I-II (35 , ! ) , BC-III (Herb. I. Pop), FC-I (10, 11, 
50, 55), DC (70); H, E; Alno-Padion; rC 
360. C. riparia Curt.: WC-II (1, 63), BC-II-III (39, !), DC (70), TC (8, 70); Hh, Eua (M); 
Magnocaricion, Caricion gracilis; C 
361. C. rostrata Stokes: FC-I (10, 23, 50, 55, 57); Hh, Cp (bor); Caricion rostratae, 
Magnocaricion; rC 
362. C. stellulata Good. (C. echinata Murray): WC-I-II (1, 23, !). BC-I-II (35, 40, 41, !), FC-I 
(10, 23, 37, 50, 54, 55), FC-II (16, 30); C 
var. grypos (Schkuhr) Koch: FC-I (60); H, Cp (bor); Caricion canescenti-nigrae, Calthion, 
Magnocaricion 
363. C. vesicaria L.: WC-II (1), FC-I-II (10, 30, 37, 50, 55. !), FC-III (23, 60); Hh, Cp (bor); 
Magnocaricion, Caricion gracilis; C 
364. C. vulpina L.: WC-II-III (1, !), BC-I-II (!), FC-I (11, 49, 50, 55), FC-III (27); Hh-H, Eua 
(M); Magnocaricion, Caricion gracilis, Agropyro-Rumicion, Phragmition; C 
365. C. x biharica Simk. ( canescens x stellulata): FC-I (23, 37, 38) 
366. C. x pannewitziana Figert (rostrata x vesicaria): FC-1 (10) 
367. C. x toezensis Simk. (melanostachya x riparia): WC-III (23) 
368. Chlorocyperus glomeratus (L.) Palla: WC-II (I, 44), WC-III (70); Hh, Eua (M); Cyperion 
glomerati, Nanocyperion; rC 
369. Cyperus difformis Torn.: FC-III (14, 23), D C , T C , (14); Th, Adv; Oryzion; C 
370. C. fuscus L.: WC-I (!), WC-III (70 , ! ) , FC-III (23), DC, TC (14); C 
var. virescens (Hoffm.) Vahl.: WC-III ( I , 23, 70); Th, Eua (M); Cyperetalia fusci 
371. Eleocharis acicularis (L.) R. Br.: WC-III (1 ,23. 70,!) , FC-I (57). FC-III (23); Th, Cp (bor); 
Nanocyperion; rC 
372. E. carniolica Koch: WC-II (1, 23), BC-I-II (23, 35), FC-I (23, 37, 38, 55), FC-III (23, 60); 
Th, Alp-Carp-B; Nanocyperion; rC 
373. E. ovata (Roth) Roem. et Schulz: WC-II (1, 23), BC-I-II (23 , ! ) . FC-I (55), FC-III (23, 60); 
Th, Cp (bor); Nanocyperion; rC 
374. E. palustris (L.) R. Br.: WC-I-II-III (1 , ! ) , BC-I-II (35.!) . FC-I (11, 50, 55), FC-II (16. 30), 
FC-III (!); G-Hh, Cosm; Phragmitetea, Nanocyperetalia; C 
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375. Eriophoram angustifolium Honck.: WC-I (1), FC-I (10, 37, 52, 55); G, Cp (bor); 
Molinio-Juncetea, Scheuchzerio-Caricetea nigrae; C 
376. E. latifolium Hoppe. WC-I-Il (1). BC-I (40, 41, !), FC-1 (10, 11, 37, 50, 54, 55, !). FC-II 
(16); H, Eua; Eriophorion latifolii, Caricetalia davallianae; C 
377. E. gracile Koch: FC-I (23, 55); G, Cp (bor); Caricion lasiocarpae, Caricion 
canescenti-nigrae; R 
378. E. vaginatum L.: WC-I (1), FC-I (10, 37, 38. 50); H, Cp (bor); Sphagnion fusci; V 
379. Pycreus flavescens (L.) Rchb.: WC-II-III (1. 23, 70, !), BC-II (35. !). FC-III (23); Th, 
Cosm; Nanocyperion; C 
380. Rhynchospora alba (L.) Vahl.: FC-I (23, 37 ,38) ; H, Eua; Rhynchosporion; Ex? 
381. Schoenoplectus lacustris (L.) Palla: WC-I (!), WC-II-III (1), BC-II (!), BC-III, T C (8); 
Hh-H, Cosm; Phragmition; C 
382. S. tabemaemontani (Gmel.) Palla: BC-III (14); Hh, Eua; Phragmition; rC 
383. S. michelianus L. (Dichostylis michelianus (L.) Nees): TC (8, 73); Th, Eua (M); 
Nanocyperion; E 
384. S. mucronatus (L.) Palla: WC-III (1 ,23) . BC-III (!); Hh. Adv; Nanocyperion, Phragmitetea; 
rC 
385. S. supinus L. (Isolepis supina (L.) R. Br.): WC-III (70), T C (8, 70); Th (Hh), Cosm; 
Nanocyperion; rC 
386. Scirpus sylvaticus L.: WC-I-1I (1, 23 , ! ) , BC-I-II (35,!) , FC-I-II (10, 11, 16, 23, 49, 50, 54, 
55 , ! ) , FC-III (23); Hh-G, Cp (bor); Phragmitetea, Calthion, Alno-Padion; C 
387. Cladium mariscus (L.) Pohl.: FC-1 (23); Hh, Cosm; Caricion rostratae, Magnocaricion; Ex? 
ORCHIDACEAE 
388. Epipactis palustris (L.) Cr.: WC-I-II (1, 23, 63, 44, I). BC-I (40, !); G, Eua; Caricetalia 
davallianae, Molinion; C 
389. Orchis incarnata L.: WC-I (1). FC-I (23, 37, 55); G, Eua (M); Calthion, Molinion; rC 
390. O. laxiflora Lam.; rC 
ssp. elegans (Heuff.) So6 (O. palustris auct.): WC-II (1), FC-I (10, 50, 52). FC-III (60); G, Eua 
(M); Magnocaricion, Molinietalia 
The conspect of the vegetal associations 
LEMNETEA W. Koch et Tx. 1954 
LEMNETALIA W. Koch et Tx. 1954 
Lemnion minoris W Koch e t T x . 1954 
1. Lemnetum minoris (Oberd. 1957) Müller et Görs I960: WC-II (1,!). WC-III (!), BC-III (19, 
39), FC-III, DC, T C ( ! ) , 
2. Salvinio-Spirodeletum polyrrhizae Slavnic 1956: WC-III (!), BC-III (19). DC, TC (!); 
najadetosum I.Pop 1968: BC-III (!) 
Utricularion vulgaris Pass. 1964 
3. Lemno-Utricularietum Soö 1928: BC-III (19). FC-II (30). TC (73 , ! ) 
HYDROCHARIETALIA Rubel 1933 
Hydrocharition Rübel 1933 
4. Ceratophylleto-Hydrocharetum I. Pop 1962: BC-III (19, 39), T C (!) 
Potametea Tx. et Prsg. 1942 
POTAMETALIA W. Koch 1926 
Ranunculion aquatilis Pass. 1964 
5. Ranunculetum aquatilis Gehn. 1961: WC-II (44) 
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6. Callitrichetum cophocarpae-palustris (O. Ra|iu 1966) Drg. 1989: WC-III (!), FC-I (11, 52) 
7. Ranunculo trichophyllo-Callitrichetum cophocarpae Soó (1927) 1960: FC-II (30) 
8. Potametum ndodosi Soó (1928) i960: TC (!) 
Potamion subal. Magnopotamion (Vollmar 1947) Den Hartog et Segal 1964 
9. Potameto-Ceratophylletum I. Pop 1962: WC-III (!), BC-III (19). FC-III, DC. T C (!) 
10. Myriophyllo-Potametum Soó 1934: WC-III (1, !), BC-II-III (19, !). TC (73, !); 
polygonetosum amphibii: TC (73); 
potametosum lucentis: TC (73); 
potametosum crispi: TC (73) 
11. Potametum crispi Soó 1927: BC-III (19), FC-I (11 ,55 ) 
Potamion subal. Parvopotamion (Vollmar 1947) Den Hartog et Segal 1964 
12. Najadi-Ceratophylletum I. Pop 1962: BC-III (19), DC, TC (!) 
Nymphaeion Oberd. 1957 emend. Neuhäusl 1959 
13. Nymphaeetum albo-luteae Nowinski 1928 
nupharetosum Soó (1957) 1964: BC-III (!); 
nymphaetosum V. Kárpáti 1963: TC (73) 
14. Nymphaeetum loti-thermalis Borza (1931) 1963: FC-III ( 58 , ! ) 
15. Polygonetum natantis Soó 1927: WC-II (1), WC-III (!), BC-III (19) 
16. Potametum natantis Soó 1927, Eggler 1933: WC-III (!), BC-II-III (19, !), FC-I (11) 
17. Trapetum natantis Miilleret Görs 1960: BC-III (19), DC (!), TC (73) 
Phragmitetea Tx. et Prsg. 1942 
PHRAGMITETALIA W. Koch 1926 emend. Pign. 1953 
Phragmition communis W. Koch 1926 emend. Soó 1947 
18. Scirpo-Phragmitetum W. Koch 1926: WC-II (1 ,44 , ! ) , WC-III (!), BC-II-III (19), FC-II (16), 
FC-III, DC, TC (!); 
sparganietosum: TC (73) 
19. Typhaetum angustifoliae (All. 1922) Pign. 1943: WC-II-III (!), BC-II-III (19), FC-I (55) 
20. Typhaetum latifoliae Soó 1927: WC-II-III (!), BC-II-III (19), FC-I (55), FC-III (!) 
21. Schoenoplectetum lacustris Eggler 1933: WC-1 (!) 
22. Glycerietum maximae Hueck 1931: WC-II (1), WC-III (!), BC-II-III (19 , ! ) , FC-II (16); 
siosum latifolii Csűrös et all. 1969: FC-II (16) 
Bolboschoenion maritimi Soó 1947 
23. Bolboscoenetum maritimi Soo (1927) 1957: FC-III, DC (!) 
NASTURTIO-GLYCERIETALIA Pign. 1953 
Glycerio-Sparganion Br.-Bl. et Sising ex Boer 1942 
24. Glycerio-Sparganietum neglecti W. Koch 1926: WC-II (44) 
25. Equiseto-telmateii-Glycerietum nemoralis Szabó A. 1971: WC-I (!) 
26. Glycerietum plicatae Oberd. (1952) 1957: WC-I (!), FC-I (11. 52. 55). FC-II (30); 
cardaminetosum amarae O. Ra{iu et Säläg. 1971: FC-I (52); 
caricetosum stellulatae O. Ratiu 1965: FC-I (50) 
27. Alismato-Eleocharidetum Máthée t Kovács 1967: WC-II (1 . ! ) , WC-III (!) 
MAGNOCARICETALIA Pign. 1953 
Magnocaricion elatae W. Koch 1926 
subal. Caricion rostratae (Bálátová -Tulácková 1963) Oberd. 1967 
28. Caricetum elatae W. Koch 1926: FC-II (30); 
sphagnetosum platyphylli Poes 1958: FC-II (30); 
menyantho-comaretosum Simon 1960: FC-II (30) 
29. Caricetum rostratae Rübel 1912: FC-I (57) 
30. Caricetum paniculatae Wangerin 1916, Soó 1969: FC-I (57) 
31. Caricetum appropinquate (W. Koch 1926) Tx. 1947: FC-II (16) 
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subal. Caricion gracilis (Neuhäusl; 1959, Bálátová - Tulácková 1963) Oberd. 1967 
32. Caricetum gracili Almquist 1929. Tx. 1937: WC-I! (1. !), WC-III (!). BC-II (19). FC-II 
(16,!); 
phragmitosum fac. Nov.: BC-II (!) 
33. Caricetum acutiformis-ripariae Soó (1927) 1930: BC-II-III (19); 
caricetosum mclanostachyae Soó 1957: TC (73) 
34. Caricetum vesicariae Br.-BI. et Denis 1926, Zólyomi 1931: WC-II (44), FC-I (54) 
35. Caricetum vulpinae Soó 1927: WC-II (1) 
Isoeto-Nanojuncetea Br.-BI. e t T x . 1943 
NANOCYPERETALIA Klika 1935 
Nanocyperion flavescentis W. Koch 1926 
36. Pycreo-Juncetum Soó et Csűrös 1944: WC-I (!), WC-II (17), BC-II (35 , ! ) , FC-I (57) 
37. Juncetum bufonii Morariu 1956, Philippi 1968: BC-II (19) 
38. Dichostyli-Gnaphalietum uliginosi (Horvatic 1931) Soó et Timar 1947: TC (73) 
Verbenion supinae Slavnic 1951 
39. Pulicario vulgaris - Menthetum pulegii Slavnic 1951: WC-II-III (!), BC-II-III (19), FC-III(!) 
Montio-Cardaminetea Br.-BI. et Tx. 1943 
MONTIO-CARDAMINETALIA PawI. 1928 
Cardamini-Montion Br.-BI. 1925 
40. Cardaminetum amarae (Rübel 1912) Br.-BI. 1926 s. str.: FC-I (52, 55); stellarietosum alsinis 
(Harg. 1942) Soó 1964: FC-I (54, 55) 
Scheuchzerio-Caricetea nigrae Nordh. 1936 
SCHEUCHZERIO-CARICETALIA NIGRAE (W. Koch 1926) Görs et Müller 1967 
Rhyncosporion albae W. Koch 1926 
41. Caricetum limosae Br.-BI. 1921: FC-I (55) 
Caricion lasiocarpae Van den Bergen 1949 
42. Caricetum lasiocarpae W. Koch 1926: FC-I (55) 
Caricion canescenti-nigrae (W. Koch 1926) Nordh. 1936 
43. Carici stellulatae-Sphagnetum Soó (1934) 1954: FC-I (54, 55), FC-II (30) nardetosum 
strictae Lup?a 1971: FC-I (58) 
44. Carici rostratae-Sphagnetum Zólyomi 1931: FC-I (55, 58); 
pediculariosum limnogenae (Ra|iu 1965) comb. Nov.: FC-I (50) 
45. Caricetum nigrae Br.-BI. 1915: FC-I (57), FC II (30) 
46. Carici-Menyanthetum Soó (1938) 1955: FC-I (55) 
Tofieldietalia Prsg. Apud Oberd. 1949 
Eriophorion latifolii Br.-BI. e t T x . 1943 
47. Caricetum appropinquatae-stellulatae Soó (1954) 1957: FC-II (16) 
48. Carici flavae-Eriophoretum Soó 1944: WC-I (1, !), BC-I (19, 35, 40, 41), FC-I (55), FC-II 
(16) 
49. Valeriano-Caricetum flavae PawI., Pawlowska et Zarzucki (1943) 1960: FC-I (58) 
Oxycocco-Sphagnetea Br.-BI. et Tx. 1943 
SPHAGNETALIA Pawl. 1928 
Sphagnion fusci Br.-BI. 1920 
50. Sphagnetum medii Kastn., Flossn. et Uhl. 1933: FC-I (38); 
caricetosum pauciflorae Ra(iu et Moldovan 1972: FC-I (38) 
51. Eriophoro vaginato-Sphagnetum recurvi Hueck 1925: FC-I (38, 50, 58); 
betuletosum pubescentis (Zólyomi 1931) Soó 1964: FC-1 (38, 58); 
caricetosum rostratae Lupja 1971: FC-I (38, 58) 
Molinio-Arrhenatheretea Tx. 1937 
MOLINIETALIA W. Koch 1926 
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Agrostion stoloniferae Soó (1933) 1971 
52. Junceto-Agrostietum Resmeritá 1970: WC-II-III (!), BC-II (58) 
53. Agrostietum stoloniferae (Újvárosi 1941) Burduja et all. 1956: WC-11-III (1, !), BC-II-II1 
(19), FC-II (16), FC-III (!), DC (!), TC (73) 
54. Agrostietum caninae Harg. 1942: FC-I (55) 
55. Ranunculeto strigulosi-Equisetum palustris Gh. Popescu 1975: WC-1 (!) 
Molinion coeruleae W. Koch 1926 
56. Junco-Molinietum coeruleae Prsg. 1951: FC-I (55) 
57. Nardo-Molinietum coeruleae Gergely 1958: FC-I (55) 
Calthion palustris Tx. 1937 
58. Calthaetum laetae V. Krajina 1933: FC-I (50, 55, 56, 57); 
pediculariosum limnogenae E. Pop 1960: FC-I (38) 
59. Scirpetum sylvatici Schwick. 1944: WC-I-II (1 , ! ) , BC-I (!), FC-I (51, 52, 54, 55) 
60. Epilobio palustri-Juncetum effusi Oberd. 1957: FC-I (54), FC-II (58) 
61. Valeriano-Calthaetum laetae Lupja 1971: FC-I (58) 
Filipendulo-Petasition Br.-BI. 1947 
62. Petasitetum hybridi (Dost. 1933) Soó 1940: WC-I-II ( I , !), BC-I (19, 40), BC-II (19, 35), 
FC-I (11, 50, 52, 54) 
63. Filipendulo-Geranietum palustris W. Koch 1926: FC-I (52, 58) 
DESCHAMPSIETALIA CAESPITOSAE Horvatic 1956 
Alopecurion pratensis Soó l938 , Poss. 1946 
64. Alopecuretum pratensis Regei 1925,Nowinski 1928: WC-III (1), BC-1I-II1 (19), FC-II (16), 
DC (!), TC (73) 
65. Festucetum pratensis Soól938: WC-II (1), BC-II-III (19), FC-III (27) 
Deschampsion caespitosae (Horvatic 1930) Soó 1971 
66. Agrostio-Deschampsietum caespitosae Újvárosi 1947: WC-II-III (!), BC-I-II (!) 
Puccinellio-Salicornetea Topa 1939 
PUCCINELLIETALIA Soó 1940 
Beckmannion eruciformis Soó 1933 
67. Agrostio-Beckmannietum (Rapaics 1916) Soó 1933: TC (73); 
ranunculetosum laterifolii: TC (73) 
Artemisietea Lohm., Prsg. et Tx. 1950 
CONVOLVULETALIA SEPIUMTx. 1950 
Calystegion sepium Tx. 1947 ex Oberd. 1949 
68. Cuscuto-Calystegietum Tx. 1947 em. Soó 1961: WC-III, BC-III, DC (!) 
69. Roripetum austriacae Oberd. 1957: WC-III, BC-III (!) 
70. Glycyrrhizetum echinatae (Soó 1940,Timár 1947)Slavnic 1951: WC-III (43), BC-III (19) 
DC (!) 
71. Polygonetum cuspidati Tx. et Raabe 1950: WC-I-II (!), BC-II-III (19) 
72. Helianthetum decapetali Morariu 1967 n.n.: WC-I-II-III (!), BC-II-III (19) 
73. Rudbeckio-Soiidaginetum (Tx. et Raabe 1950) Soó 1961: WC-III (!), BC-II-III (19) 
74. Eupatorietum cannabini Tx. 1937: WC-I (!), BC-I-II ( 19 , ! ) 
Bidentetea tripartiti Tx., Lohm. et Prsg. 1950 
BIDENTETALIA TRIPARTITI Br.-BI. et Tx. 1943 
Bidention tripartiti (W. Koch 1926) Libbert 1932 
75. Polygono hydropiperi-Bidentetum tripartiti Lohm. 1950: WC-II (!), BC-II-III (19), FC-III, 
DC, TC (!) 
Chenopodion fluviatile Tx. 1960 
76. Echinochloo-Polygonetum lapathifolii (Újvárosi 1940) Soó et Csűrös (1944) 1947: WC-II 
(!). BC-II-III (19 , ! ) , FC-III (!), TC (73); 
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polygonetosum amphibii: TC (73) 
Plantaginetea majoris Tx. et Prsg. 1950 
PLANTAGINETALIA MAJORIS Tx. (1947) 1950 
Agropyro-Rumicion crispi Nordh. 1940 
77. Lolio-PotentiIletum anserinae Knapp 1946: WC-II-III (!), BC-II-III (19), FC-III, DC, TC (!); 
juncetosum bufonii (Felfóldy) Soó 1964: FC-I (54) 
78. Ranunculetum repentis Knapp 1946 emend. Oberd. 1957: WC-II (!), BC-II-III (19), 
FC-III(!) 
79. Juncetum effusi Soó (1931) 1949: WC-l-II (1 , ! ) , BC-I-II (19), FC-II (16) 
80. Junco-Menthetum longifoliae Lohm. 1953: WC-I-II (1 , ! ) , BC-II (!), FC-I (51), FC-II (!) 
Epilobietea angustifolii Tx. et Prsg. 1950 
PETASITETO-CHAEROPHYLLETALIA Morariu 1967 
Telekion Morariu 1967 n.n. 
81. Petasiteto-Telekietum speeiosae Morariu 1967: WC-I (!), BC-I (19) 
Betulo-Adenostyletea Br.-BI. 1948 
ADENOSTYLETALIA Br.-BI. 1931 
Adenostylion alliariae Br.-BI. 1925 
82. Petasito-Cicerbicetum Tx. 1937: FC-I (50, 58) 
83. Cardueto personatae-Heracleetum palmati Beldie 1967: FC-I (52, 56, 58) 
Deschampsion caespitosae Borza 1934 
84. Rumici-Deschampsietum caespitosae Csűrös et all. 1985: FC-I (51, 54) 
Salicetea purpureae Moor 1958 
SALICETALIA PURPUREAE Moor 1958 
Salicion albae (Soo 1930 n.n.) Müller et Görs 1958 
85. Salicetum albae-fragilis Issler 1926 em. Soó 1957: WC-II-III (1, 43, 44, !), BC-III (19), 
FC-II (16), FC-III, DC, TC (!); 
rubosum caesii: WC (73) 
Salicion triandrae Müller et Görs 1958 
86. Salicetum triandrae Malcuit 1929: WC-III (!), BC-III (19), FC-III, DC, TC (!); amorphosum 
fruticoasae Borza 1954 n.n.: WC-III, BC-III (!); 
salicetosum viminalis Soó 1958. BC-III (!); 
rubosum caesii Pázmány: BC-III (!); 
glycyrrhizosum echinatae: TC (73) 
87. Saponario-Salicetum purpureae (Br.-BI. 1930) Tschou 1946: WC-I (1, !), BC-II-III (19, !). 
FC-I (11, 58), FC-II (16) 
ALNETEA GLUTINOSAE Br.-BI. et Tx. 1943 em. Mülleret Görs 1958 
SALICETALIA AURITAE Döing 1962 em. Westh. 1969 
Salicion cinereae Müller et Görs 1958 
88. Calamagrosti-Salicetum cinereae Soó et Zólyomi 1955: WC-II, BC-II (!) 
89. Alno-Salicetum cinereae (Kobendza 1930) Pass. 1956: FC-I (11, 58) 
Querco-Fagetea Br.-BI. Et Vlieger 1937 em. Soó 1964 
FAGETALIA SILVATICAE (Pawl. 1928) Tx. et Diem. 1936 
Alno-Padion Knapp 1942 em. Medwecka-Kornas 1957 
subal. Ulmion Oberd. 1953 
90. Querco-Ulmetum Issler 1924: BC-IU (19, 39). FC-III (42) 
subal. Alnion glutinosae-incanae (Br.-BI. 1915) Oberd. 1953 
91. Alnetum incanae (Brockman 1907) Aichinger et Siegrist 1930: WC-I-II (1, !), BC-I (19), 
FC-I (54) 
92. Aegopodio-AInetum glutinosae J. Kárpáti et Jurkó 1961: WC-II-III ( 1 , 4 4 , ! ) , BC-I-II (19), 
FC-I (11, 58), FC-II (16) 
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Conclusions and Proposals 
One of the conclusions concerning the aquatic vegetation of the Cri§ is that it is 
practically missing from the water of the rivers in their mountainous and hilly sectors 
due to the relatively powerful water stream and its low temperature, to the rocky 
substrate and to the oligotrophic character of the water. On the plain sectors the aquatic 
•vegetation is better represented, the water of the rivers being more still and warmer, 
with a higher feeding capacity and having a sandy or cozy substrate. But we must 
specify that the most aquatic phytocenoses were not found in the water of the rivers, 
but in the channels and swamps or the ponds from the immediate proximity, the aquatic 
plants preferring mainly the still or very slowly flowing waters. 
Among the aquatic vegetal associations Nymphaeetum loti-thermalis is endemic 
and in a real danger of disappearance in the Cri§ul Repede Valley, in the thermal water 
of the Pejea rivulet near Oradea, needing urgent measures of effective protection. The 
cenoses of the association Nymphaeetum albo-luteae are very rare and menaced by 
disappearance. Of course, the species which constitute these cenoses, Nymphaea lotus 
var. thermalis, N. alba, Nuphar luteum, are also in danger. There must be added to these 
a dozen other aquatic species in danger, such as Marsilea quadrifolia, Ranunculus 
peltatus, R. circinatus, Aldrovanda vesiculosa, Hottonia palustris, Nymphoides peltata, 
Stratiotes aloides, Vallisneria spiralis, Potamogeton lucens, P. obtusifolius, P. 
trichoides, Wolffia arrhiza a.o. 
Among the paludal vegetal associations Caricetum appropinquatae, Dichostili-
Gnaphalietum uliginosi, Caricetum limosi, Caricetum lasiocarpae, Agrostio-
Beckmannietum are rare or with special phytogeographical and scientific significance. 
It is interesting that the hygro-mesophilous associations of adventive weeds like 
Polygonetum cuspidati, Helianthetum decapetali, Rudbeckio-Solidaginetum with well 
evolved and extended phytocenoses on the Cri§ul Alb and the Cri§ul Negru are absent 
on the Cri§ul Repede. About 40 from the paludal species are in danger of 
disappearance. Among these we mention the plants Salix aurita, S. rosmarinifolia, 
Betula pubescens, Montia verna, Stellaria palustris, Myosurus minimus, Ranunculus 
lateriflorus, Trollius euripaeus, Elatine ambigua, E. hexandra, E. hungarica, Angelica 
archangelica, Andromeda polifolia, Blackstonia perfoliata, Swertia perennis, S. 
punctata, Limosella aquatica, Pedicularis limnogena, Cirsium brachycephalum, 
Alisma gramineum, Sagittaria subulata, Scheuchzeria palustris, Acorus calamus, 
Acorellus pannonicus, Carex lasiocarpa, C. appropinquata, C. magellanica, C. 
pauciflora, Rhyncospora alba, Schoenoplectus michelianus, Cladium mariscus a.o. 
On the Cri$, a series of natural reservations were created from government or 
regional decisions, for the protection of these species and phytocenoses among others. 
Thus, on the Crijul Alb there is the mixed reservation Dealul Pleja Sebijului (782.1 
ha) and the botanic reservations Dosul Laurului near Zambru (113.6 ha) and Balfile 
near Gurahont (2 ha). On the Crijul Negru more protected areas were constituted: the 
mixed reservations Cetatile Ponorului-Galbena Valley (491 ha), Sighi§tel Valley 
(420.4 ha), Pietrele Boghii (289.2 ha), Groapa de la Barza and the botanic reservations 
Turbariile (the Peat Bogs) Padi§ (1 ha) and Fanajeie (the Hay Fields) Cri$ului Pietros 
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(of the Rocky Cri§). An important area of the Cri$ul Negru springs is a part of the 
Apuseni National Park. On the Cri$ul Negru are also situated the geological natural 
monuments of Izbucul (the Spring) de la C&lugSri and Pietrele Galbenei. On the Cri$ul 
Repede there is the mixed reservation Defileul Crijului Repede (the Defile of the Cri§ul 
Repede) (219.7 ha), which includes the speological monument Pe$tera Vadu Cri$ului 
(the Ford of the Cri§ Cave); the botanic reservations Varful (the Peak) Carligata (10 
ha), lad Valley-Dealul Mare (2 ha), Varful Boceasa (100 ha), Padurea (the wood) 
0§orhei (50 ha), Paraul (the rivulet) Pe(ea near Oradea (10 ha) and the paleontological 
reservation Dealul (the hill) §omleu (1 ha). 
References 
1. Ardelean, A.( 1980):Flora $i vegeta(ia din Valea Crijului Alb intre izvoare ora$ul Ineu.(The 
flora and vegetion of the Cri$ul Negru river - from the springs to Ineu locality).- Doctorate 
dissertation. Univ.Babe$-Bolyai,CIuj-Napoca 
2. Ardelean, A.(1980):Date floristice din Valea Cri?ului Alb.(Floristical data from the Cri$ul 
Alb Valley).-Contr.Bot.,Cluj-Napoca,:35-36 
3. Ardelean, A.(1982):Sindinamica vegetajiei din Valea Cri$ului Alb.(The syndynamics of the 
vegetation from the Crijul Alb Valley). -Contr. Bot., Cluj-Napoca,: 187-192 
4. Ardelean, A.(l984):Caracterizarea generalá a vegetatiei actuate din Valea Cri?ului Alb.(The 
general characterisation of the actual vegetation from the Cri$ul Alb Valley). -Contr. Bot., 
Cluj-Napoca,: 55-62 
5. Berindei, 0 . , I . et all.(1977):Cámpia Cri$urilor, Cri$ul Repede. J a r a Beiu$ului.(The Plain of 
the Cri$, Crijul Repede).-Edit. ?t. did., Bucure$ti 
6. Bleahu, M., §erban, M.(1959):Bazinul endoreic Padij-Cetaji le Ponorului (Munji i 
Apuseni).(The endoreic Basin of Padi$-Cetátile Ponorului (Apuseni Mts.).-Ocrotirea naturii, 
Bucurejt i , 4 , :89- l25 
7. Boc$e, M., Giurca, V., Marossy, A.(1970):Contributii la cunoa?terea medicinii populare din 
bazinul Cri$ului Negru (Zona Crijului Pietros).(Contributions to the understanding of the 
popular medicine from the Balek Cri$ Valiey).-Nymphaea, Muzeul Jár i i Cri juri lor , Oradea, 
6,: 1-37 
8. Borbás, V.( 1891 ):Közlemények Békés és Bihar vármegyék flórájából.(Notice about flora of 
Békés and Bihar county).-Magy. Orv. és Természetv. Nagyváradon tart. Vándorgy. 
Munkái., Budapest, XXV,:479-502 
9. Boros, A.( 1922):Adatok Békés- és Bihar-megyék síkjainak flórájához.(Data about Békés 
and Bihar county 's flora).-M.B.T.,:32-33 
10. Borza, Al„ Borza, V.(1939):Flora Stánei de Vale.(The flora from Stána de Vale).-Bul. Grád. 
Bot, Cluj, XIX, l-2,:21-54 
11. Bo$caiu, N. et all.(1966):Flora vegetapa rezervatiei naturale "Defileul Cri jului 
Repede".( l'he flora and vegetation of the Natural Reservation "Defile of the Cri?ul 
Repede").-Contr. Bot„ Cluj,: 167-258 
12. Coldea, Gh.( 1972):Flora vegetatia Mun{ilor Plopi5-(The flora and vegetation of the Plopi$ 
Mts.).- Doctorate dissertation, Univ. Babe$-Bolyai, Cluj 
76 
13. Crija/i, I.,(1954):Contribu(ii la cunoa§terea solurilor säräturate din zona de interfluviului 
Crijul Negru $i Cri$ul Repede.(Contributions to the understanding of the salty soils f rom the 
zone between the Crijul Negru and Crijul Repede rivers).-Probl. Agric., VI, 11 
14. Csapody, V.(1953):A rizs gyomnövényei.(The weeds of the rice.)-Ann. Hist. Natur. Musei 
Nation. Hungarici, Budapest, IV, ser. Nova,:35-45 
15. Csűrös, §t. et all.(1967):Die Ökostruktur des ArThenatheretum elatioris-Wiesen aus dem 
Huedin-Becken- Studia Univ. "Babes-Bolyai", Cluj, ser. Biol., 2 
16. Csűrös, §t., Resmeritä, I., Csűrös-Káptalan, M.(1969): Cercetäri de vegeta(ie in Bazinul 
Huedinului.(Vegetal researches in the Huedin Basin). Contr. Bot., Cluj:211-222 
17. Csűrös, $t . ( l975):Aspecte de vegetajie din imprejurimile stajiunii balneare Va(a (jud. 
Hunedoara).(Aspects of the vegetation of Va(a (Hunedoara county)).- Contr. Bot., 
Cluj: 117-120 
18. Diaconeasa, B.(1962):Analize de polen din turba captivä de la Bäile 1 Mai, Oradea.(Polen 
analysis of the peat from "1 Mai" health-resort, Oradea).-Contr, Bot., Cluj:305-314 
19. Drägulescu, C., Macalik, K.( 1995):Caracterizarea fitocenologicä a Váii Cri$ului Negru.(The 
phytocenological characterisation of the Cri$ul Negru Valley).-Com. ?i ref.. Muz. §t. Nat. 
Ploie?ti:139-145 
20. Docea, E.(1952):Contributii la cunoa?terea florei micologice a regiunii 
Oradea.(Contributions to the cognition of the mycological flora of Oradea region).-Bui. $t„ 
sect. Biol., agron., geol. $i geogr., IV, 3 
21. Enciclopedia geograficä a Romániei-Edit. ?t. ?i encicl., Bucure?ti, 1982 
22. Flatt, K.(1901):Bihar vármegye flórája.(The flora of Biliar county).-Bihar vármegye 
monográfiája ,OMT, Budapest 
23. Flora Romäniei.(The flora of Roumania). I-XIII-Edit. Acad. Bucurejt i , 1952-1976 
24. Florea, N. et all.(1964):Harta solurilor CámpieiTisei fi piemonturilor din vestül R.P.R.(The 
map of the soils of The Tisa Plain and western Romania). Däri de seamä, Comit. Geol., L, 
1962-1963, II, Bucurejti 
25. Franzé, P.,H.(1894):Adatok Bihar vármegye flórájának ismeretéhez.(Data for the 
understanding of the flora of Bihar county).-Term. Fiiz, Budapest 
26. Giuvulescu, R.( l975):Asupra unui Ginkgo din pliocenul de la Tinea $i cäteva considerapi 
privind räspändirea Ginkgoaceaelor in R.S.R.(About a Ginkgo from the plyocen from Tinea 
and considerations of the spread of the Ginkgoaceae in Romania) .-Nymphaea, Muz, Tärü 
Crijurilor, Oradea:39-43 
27. Hódiján, I., Pop, I.(1973):Aspecte din vegetajia imprejurimilor Bailor Felix-Oradea (jud. 
Bihor).(Aspects of the flora of"Fel ix"-Oradea (Bihor county).-Contr. Bot., Cluj: 173-181 
28. Kerner, A.( 1867-1879):Die Vegetationsverhaltnise des mittleren und östlichen Ungarns und 
angrenzenden Siebenbürgens-Ö.B.Z., Wien: 17-19 
29. Lányi, B.(19 ):Csongrád megye flórájának előmunkálatai.(Study of the flora of Csongrád 
county).-M.B.L„ Budapest, XIII, 232 
30. Nyárády, A., et aII.(1966):Studiul geobotanic palinologic al mla$tinii de la izvorul räului 
Crijul Repede.(The geobotanical and pallinological study of the marsh from the springs of 
the Crijul Repede).-St. ?i cerc. Biol., ser. Bot., Bucure?ti, XVIII, 4: 331-339 
31. Olteanu-Cosma, A.(1959):BioIogia ji ecologia plantei Nymphaea lotus L. var. thermal is 
(DC.) Tuzs. de la Bäile 1 Mai - Oradea.(The biology and ecology of the Nymphaea lotus L. 
var. thermalis (DC.) Tuzs. from "I Mai" health-result, Oradea).-Ocrot. Nat., Bucurejt i , 
4:63-88 
32. Oprea, C.,V. et all .(l961 ):Contribu(ii la cercetarea solurilor din partea de vest a 
^¡¡ . (Contr ibut ions to the study of the soils from the western region of Romania).-St. ?i cerc. 
Biol. $i ?t. Agric., Timi$oara, VIII:3-4 
77 
33. PaucS, A.(1935):Contribupuni la studiul florei Munplor Codru $i Muma. (Contributions to 
the study of the flora of Codru-Muma Mts.).-Acad. Rom., Mem. Sec}. $t. Bucure$ti, ser. Ill, 
torn XI, mem. 1:1-71 
34. PaucS, A.( 1940):A doua contribu(iune la studiul florei Munplor Codru ji Muma.(The second 
contribution to the study of flora of Codru-Muma Mts.).-Acad. Rom., Mem. Sec(. $t., 
Bucurejt i , ser. Ill, torn XV, mem. 3:1-111 
35. PaucS, A.( 1941 ):Studiul fitosociologic in Munpi Codru $i Muma.(Fitocenological studies in 
Codru-Muma Mts.). Doctorate dissertation-Univ., Bucurcfti 
36. Pop, E.(1940):Florula cetapi Ponorului.(The flora of the Cetaple Ponorului).-Bul. Gr5d. 
Bot., Cluj, XX, 1-2:74-84 
37. Pop, E.(I947):Semnalari de tinoave $i plante de mla^tini din Romania.III. Mla$tinile din 
regiunea CSlajele.(Swamps and bog-plants from Romania.III. Swamps from C5l5(ele 
region).- Bui. Gr5d. Bot., Cluj, XXVII, 1-4:65-79 
38. Pop, E.(1960):Mla$tinile de turba din R.P.R.(Swamps from Romania).-Edit. Acad., 
Bucure$ti 
39. Pop, I.(1968):Flora $i vegetajia Campiei Cri$urilor. Interfluviul Crijul Negru-Cri$ul 
Repede.(The flora and vegetation of the Campia Crijurilor, between Crijul Negru and Crijul 
Repede rivers).-Edit. Acad., Bucurejti 
40. Pop, I., Hodi$an, I., Peterfi, $t.(1968):Aspecte de vegetape de pe Valea Galbcna din Bazinul 
carstic Padis-Cetaple Ponorului (Munpi Apuseni).(Aspects of the vegetation of Galbena 
Valley (Apuseni Mts.)).-Com.Bot„ Bucure?ti: 79-84 
41. Pop, I., Hodi?an, I.(1969):Considerapi asupra florei vegetapei masivelor calcaroase de pe 
Valea Sighi$telului (Munpi Bihor).(Considerations about the flora and vegetation of 
Sighijtel Valley (Bihor Mts.)).-Studia Univ. Babe?-Bolyai, Cluj , 1:33-43 
42. Pop, I.. Hodi$an, I.( 1972):Vegetapa dealului Somleu-Oradea (jud. Bihor).(The vegetation of 
the Somleu hill-Oradea (Bihor county)).-Contr. Bot., Cluj:247-258 
43. Pop, I.(1972):Aspecte de vegetape din lunca Cri?ului Alb-Varjand (jud. Arad).(Aspects of 
the vegetation of the plain of Crijul Alb-Vir jand (Arad county)).-Studia Univ. 
Babe?-Bolyai, Cluj, se. biol., 2,: 15-18 
44. Pop, I. et all.(1972):Flora vegetapa Muntilor Zarand.(The flora and vegetation of the 
Zarand Mts.).-Contr. Bot., Cluj,:3-216 
45. Popescu, P.,C., Bujorean, G.(1957):Contribu(ii la studiul geobotanic al pajij t i lor dintre 
DunSre ?i Cri$ul Negru.(Contributions to the geobotanical study of the lawns between the 
Danube and Cri$ul Negru rivers). -St. $i cere. $t, Timi$oara, IV,:3-4 
46. Prodan, I.(1925):Menthae novae Romaniae et Jugoslaviae- Bui. Grad. Bot., Cluj , V, 
3-4,: 103-123 
47. Prodan, I.(1939):Flora pentru determinarea ?i descrierea plantelor ce cresc in Romania(The 
flora to the determination of plants from Roumania), Cluj, I—11 
48. Prodan, 1.(1956):Aspecte din vegetafia zonei de vest a R.P.R.(Aspects of the vegetation of 
the west region of Romania).-Bul. $t. Acad. Rom., sec(. Biol. ?t. Agric., Bucurejt i , VIII, 1 
49. Rapu, 0 . (1964) : Vegetapa ierboasS din bazinul Stana de Vale.(The herbaceous vegetation of 
Stana de Vale Basin).-Contr. Bot., Cluj,: 189-204 
50. Ra(iu, 0.(1965):Contribupi la cunoa$terea vegetapei din bazinul Stana de 
Vale (Contributions to the understanding of the vegetation from Stana de Vale).-Contr. Bot., 
Cluj,: 151-175 
51. Rapu, 0 . (1966):Noi completiri la cunoa$terea vegetapei ierboase din bazinul Stana de 
Vale.(New data to the understanding of the herbaceous vegetation of Stana de Vale).-Contr. 
Bot., Cluj. II,:81-90 
78 
52. Ra(iu, O., Sälägeanu, Gh.(1971 ):Cenoze caracteristice vegetapei cursului superior a! Váii 
Dráganului (Munjii Apuseni).(Characteristic cenoses of the vegetation of Drágán Valley 
(Apuseni Mts.)).-Contr. Bot., Cluj,: 131-152 
53. Rafiu, 0.(1973):Considerapi floristico-ecologice asupra unor pteridofite ?i spermatofite noi 
pentru vegetatia bazinului Stäna de Vale.(Floristic and ecological considerations about some 
pterido- and spermatophyte species from Stána de Vale).-Conlr. Bot., Cluj,: 119-125 
54. Ra(iu, O., Gergely, I.(1976):Structura ecologicä $i cenotaxonomicá a vegcta(iei Váii 
Sibijelului (Bazinul Váii Dráganului).(The ecological and cenotaxonomical structure of the 
vegetation of Sibi?el Valley).-Contr. Bot., Cluj,:73-102 
55. Rajiu, 0 . et all.(1982, 1983, 1984):Flora ?i unitá{ile fitosintaxonomice de pe Valea Iadului 
(jud. Bihor). Iniportanja economicá ?i $tiintificä.Caracterizarea lor ecologicä. (The flora and 
vegetation of the lad Valley (Bihor county), its economic and scientific importance and 
ecological characterization).I-III,:3-57, 65-97, 85-136 
56. Ra{iu, O., Gergely, I.(1985):Principalele fitocenoze din Valea Cräciunului (Bazinul Váii 
Dräganului, Mun(ii Vlädeasa).(The principal phytocenoses of the Cráciun Valley (The Basin 
of Drágán Valley, Vlädeasa Mts.))-Contr. Bot., Cluj-Napoca,:85-99 
57. Remeritä, I.(1970):Flora, vegetajia $i potenjialul productiv pe Masivul Vlädeasa.(The flora, 
vegetation and the primary production of the Vlädeasa Mts.).-Edit. Acad., Bucurejt i 
58. Sanda, V. et all.(1980):Cenotaxonomia $i corologia grupärilor vegetale din Románia.(The 
cenotaxonomy and spread of the vegetal associations of Romania).-St. com. Muz. 
Brukenthal, Sibiu, ?t. Nat., Supl., 24 
59. Sanda, V. et all.(1983):Caracterizarea ecologicä $i fitocenologicä a speciilor spontane din 
flora Romäniei.(The ecological and phytocenological characterization of the species from 
the spontan flora of Romania).-St. $i com. Muz. Brukenthal, Sibiu, $t. Nat., Supl., 25 
60. Simonkai, L.( 1879):Nagyvárad és a Sebes Körös felsőbb vidéke.(Oradea and the upper 
region of the Cri$ul Repede river).- Budapest 
61. Simonkai, L.(1886): Enumeratio florae Transsilvanicae vasculosae critica, Budapest 
62. Simonkai, L.(1890):Nagyvárad és vidékének növényvilága.(The flora of the Oradea 
region).- in Bunyitai, V., Nagyvárad természetrajza, Budapest 
63. Simonkai, L.(1893):Arad megye és Arad város növényvilága.(The flora of Arad city and 
county). Arad 
64. Simon, T.(1966):Beitrage zur Kenntnis der Vegetation des Bihar-Gebirges-Ann. Univ. Sc. 
Budapest de Rolando Eötvös Nomin., ser. Biol., 8 
65. Soó, R.(1938):Zur Systematik und Soziologie der Phanerogamen Vegetation der Ungarische 
Binnengewässer, IV- A Magy. Biol. Kutatóintézet munkáiból, Tihany, X,: 174-194 
66. Soó, R.( 1938):Die Arten und Formen der Gattung Potamogcton in den Flora des historischen 
Ungarn, I-II- Fedde Repertórium, XLV, 15,:65-78, 244-256 
67. Soó, R.( 1946):Zur Systematik und Soziologie der Phanerogamen Vegetation der Ungarische 
Binnengewässer, V- Ann. Hist. Natur. Musei Naturalis Humgarici, Budapest, XXXIX, 
10,: 167-184 
68. Soó, R.( 1947):Zur Systematik und Soziologie der Phanerogamen Vegetation der Ungarische 
Binnengewässer, Nachtrage-Arch. Biol. Hung., ser. II, Tihany, 17 
69. Soó, R.(1964-1980):Synopsis systematico-geobotanica florae vegetationisque Hungaricae, 
I-VI-Akad. Kiadó, Budapest 
70. Soó, R. Máthé, I .(I938):A Tiszántúl flórája.(The flora of Tiszántúl).-Debrecen 
71. Staicu, I. et all.(l954):Contribu|ii la studiul säräturilor din partea de vest a 
(árii.(Contributions to the study of the salty regions of western Romania).-St. $i cerc., 
Timi$oara, 1-4 
72. Timár, L.(1952):Adatok a Tiszántúl (Crisicum) flórájához.(Data on the flora of 
Crisicum).-Ann. Biol. Univ. Hung., II,:491-499 
79 
73. Timár, L., Bodrogközy, Gy.(1959):Die Pflanzengeographische Karte von Tiszazug-Acta 
bot. Acad. Sc. Hung., Budapest, V , : l -2 
74. Újvári, I.(1972):Geografia apelor Romániei.(The geography of the rivers of Romania). 
-Edit. $t., Bucurejti 
Constantin Drâgulescu 




University Babeç-Bolyai, Department of Ecology 
3400, Cluj 
str. Clinicilor nr.5-7. 
Romania 
80 
Vegetation and flora of the Hármas-Körös river (Hungary) 
with some historical remarks 
Zsolt Molnár, István Bagi & Éva Kertész 
Abstract 
The Hármas-Körös flood plain is a typical degraded flood plain landscape of the 
Hungarian Great Plain, although many of the habitats are semi-natural and some are 
regenerating since human influence is decreasing in some areas. There are important 
habitats in the river valley that serve as a refuge for many wetlands communities and 
species. 
504 species and 60 plant communities are listed. 43 species (rare, protected, invasive 
etc.) and 11 habitats (e.g. ancient and recent woodlands, thickets, oxbow lakes, marshes, 
kubiks, hay meadows, pastures, dry grasslands, alkali grasslands, river levees) are briefly 
described. 
The effect of landscape transformations of the last 200 years on the vegetation is also 
described. 
Keywords: landscape history, flood plain, semi-natural landscape, regeneration 
Introduction 
The investigated area is the presently active flood plain of the Hármas-Körös river. 
This area is protected and called also as the Körös Nature Reserve. Previously the flood 
plain was much bigger, but river control works in the 19th century and following drainage 
activities reduced its area as was described in detail by Biró and Tóth (1997). The presently 
inactive flood plain is a typical lowland cultural landscape with dominating arable fields, 
mostly secondary alkali steppes, remnant, drying wetlands and scattered trees and planted 
woodlots. 
The presently active flood plain is a semi-natural landscape which has undergone 
many changes in the last centuries (cf. also Zólyomi 1946). Most of these transformation 
is also described by Biró and Tóth (1997). The landscape - based on our field observations 
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in the Great Hungarian Plain and on literature data - is a typical example of the lowland 
flood plain landscapes of the Plain. Botanical it is not a fascinating area, but there are still 
important habitats and populations that deserve attention. 
As human society changes, the degraded habitats of the river valley may regenerate to 
a certain degree as is the case with some meadows, oxbow lakes and woodlands. The 
agricultural use is less and less intensive, and large areas have been abandoned. At the same 
time, recreational use is increasing. The balance between nature conservation management 
and recreation will be responsible for the future of the landscape. 
Past botanical data from the area comes from Vince Borbás (1881), István Korén 
(1883), Gábor Ubrizsy (1949), Lajos Tímár (1952, 1954), László Almády (1961), Zoltán 
Molnár (Molnár 1979, 1994, Kovács and Molnár 1981), István Bagi (Bagi 1985, 1987a, b, 
Bagi and Körmöczi 1986), Attila Borhidi (1982), László Tálas (1982), Albert Tóth (1982), 
Éva Kertész (1986) and Zsolt Molnár (Tóth, Molnár, Biró, Forgách 1996). 
Results 
The vegetation 
Based on our field surveys and literature data, the following plant communities are 
represented in the area. Nomenclature follows Borhidi (1996) with some modifications. 
Alliances and the belonging plant associations are listed. 
Lemnion minoris de Bolös et Masclans 1955 
Lemnetum minoris Müll. & Görs I960 
Lemnetum trisulcae Soö 1927 
Lemno minoris-Spirodeletum W.Koch 1954 
Wolffietum arrhizae Miyav. & J.Tx. I960 
Salvinio-Spirodelctum Slavnic 1956) 
Utricularion vulgaris Passarge 1964 
Lemno-Utricularietum vulgaris Soö 1928 
Hydrocharition Rübel 33 
Lemno-Hydrocharitetum morsus-ranae (Oberd.) Pass. 1978 
Ceratophyllion demersi Soö 1927 
Ceratophylletum demersi (Soö) Eggler 1933 
Potamion lucentis Rivas Martinez 1973 
Elodeetum canadensis Eggler 1933 
Potamogetonetum lucentis Hueck 1931 
Potamogetonetum crispi Soö 1927 
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Myriophylletum verticillati Soó 1927 
Potametum perfoliati Koch 1926 em. Passarge 1964 
Myriophyllo-Potametum lucentis Soó 1934 
Potamion pusilli Vollmar 1947 em. Hejny 1978 
Najadetum minoris Ubrizsy 1948 
Potametum pectinati Carstensen 1955 
Najadetum marinae Fukarek 1961 
Nymphaeion albae Oberd. 1957 
Polygonetum amphibii-natantis Soó 1927 
Trapetum natantis Müll. & Görs 1960 
Nymphoidetum peltatae (All. 1922) Beilot 1951 
Nymphaeetum albo-luteae Nowinski 1928 
Phragmition australis Koch 1926 
Phragmitetum communis Soó 1927 em Schmale 1939 
Glycerietum maximae Hueck 1931 
Schoenoplectetum lacustris Chouard 1924 
Equisetetum fluviatilis Steffen 1931 
Sparganio-Glycerion fluitantis Br.-Bl. & Sissingh 1942 
Leersietum oryzoidis Eggler 1933 
Sparganietum erecti Roll. 1938 
Oenanthion aquaticae Hejny ex Neuhäusl 1959 
Eleocharitetum palustris Ubrizsy 1948 
Alismato-Eleocharitetum Máthé & Kovács M. 1967 
Rorippo amphibiae-Oenanthetum aquaticae (Soó 1928) Lohm. 1950 
Butomo-Alismatctum plantaginis-aquaticae (Slavnic 1948) Hejny 1978 
Caricenion gracilis (Neuhäusl 1959) Oberd et al. 1967 
Caricetum melanostachyae Balázs 1943 
Caricetum gracilis Almquist 1929 
Carici gracilis-Phalaridetum (M. Kovács & Máthé 1967) Soó 1971 corr. Borhidi 1996 
Nanocyperion Koch ex Libbert 1932 
Cypero fusci-Juncetum bufonii Soó et Csűrös (1927)1944 
Dichostylido michelianae-Gnaphalietum uliginosi Horvatic 1931 
Dichostylido-Heleochloetum alopecuroidis (Timár 1950) Pietsch 1973 
Puccinellion limosae Soó 1933 
Puccinellietum limosae Rapaics ex Soó 1933 
Bassietum sedoidis Ubrizsy 1947 corr. Soó 1964 
Beckmannion eruciformis Soó 1933 
Agrostio-Alopecuretum pratensis Soó (1933) 1947 
Festucion pseudovinae Soó 1933 
Achilleo-Festucetum pseudovinae Soó 1947 
Artemisio santonici-Festucetum pseudovinae Soó in Máthé 1933 corr. Borhidi 1996 
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Alopecurion pratensis Soó 1971 
Alopecuretum pratensis Soó 1971 
Lythro-Alopecuretum pratensis Bodrogközy 
Potentillion anserinae R. Tx. 1937 
Lolio-Alopecuretum pratensis Bodrogközy 1962 
Potentilletum anserinae Felfoldy 1942 
Ranunculetum repentis Knapp ex Oberd. 1957 
Rorippo austriacae-Agropyretum repentis (Timár 1947) R. Tx. 1950 
Rumiéi crispi-Agrostietum stoloniferae Moor 1958 
Festucion valesiacae Klika 1931 
Cynodonto-Poetum angustifoliae Rapaics ex Soó 1957 
Salvio nemorosae-Festucetum rupicolae Zólyomi ex Soó 1964 
Bidention tripartiti Nordhagen 1940 em. R.Tx. in Poli & J.Tx. 1960 
Bidenti-Polygonetum hydropiperis Lohm. in R.Tx. 1950. 
Echinochloo-Bidentetum Soó 1971 
Polygono lapathifolio-Bidentetum Klika 1935 
Xanthio strumarii-Chenopodietum Pop 1968 
Dichostylido-Chenopodietum rubri (Tímár 1947) Soó 1971 
Chenopodion glauci Hejny 1974 
Chenopodietum rubri Timár 1947 
Echinochloo-Juncetum bufonii FelfÖldy 1942 
Echinochloo-Polygonetum lapathifolii Soó & Csűrös 1947 
Salicion triandrae Th. Müll. & Görs 1958 
Salicetum triandrae (Timár 1952) Simon 1957 
Salicion albae (Oberd. 1953) Th. Müll, et Görs 1958 
Salicetum albae-fragilis Soó (1933) 1958 
(The list of weed communities is far from complete, since these were not studied in 
detail.) 
The most important habitats 
Vegetation description does not follow the previous enumeration, but is habitat based. 
At this coarser scale the characteristic features of the local landscape are more evident. At 
the same time many of the present habitats of the landscape can not (yet) be described by 




Already in the last decades of the 18th century woodlands were very rare in the area 
(1st military survey). None of these survived till present except part of the so called 
Anna-liget and Erzsébet-liget at Szarvas. These woods may have woodland continuity 
since there are many rare woodland species in them: Quercus robur (old individuals), Poa 
nemoralis, Loranthus europaeus, Parietaria officinalis, Listera ovata, Ophioglossum 
vulgatum, Geranium robertianum, Viola sylvestris, Mycelis muralis (Ubriszy 1949, 
Molnár 1979, 1994). 
Recent woodlands and thickets 
Analysis of historical maps suggest that all of the present woods of the area are 
secondary plantations or partly natural regenerations (Biró and Tóth 1997). Poor species 
composition of the shrub and herb layer may be attributed to this fact (cf. Kertész 1989). 
The woods were used for grazing, and wood carving till after the 2nd World War (Tímár 
1952, 1953). Past botanical descriptions by Borbás (1881) and Tímár (1952) also 
emphasize the characterless species composition of the woods. 
Secondary hardwood riverine forests: 
Secondary hardwood forests of oak and white poplar are rare and occupy a small area. 
Shrub layer is scarce, and non-native species are sometimes dominant. Woodland species 
(like Convallaria and Polygonatum latifolium) were rare and are presently probably extinct. 
Present site conditions (hydrology, propagulum availability and forestry) hinders 
regeneration. 
Secondary softwood riverhine forests; 
These woods regenerate much easier, older stands may resemble natural woodlands in 
their physiognomy, though the herb and shrub layer is often dominated by non-native 
species. If canopy opens up, flood plain and marshland species are dominant: Alopecurus 
pratensis. Althaea officinalis, Aristolochia clematitis, Bidens tripartita, Calystcgia sepium, 
Chenopodium album, Lysimachia vulgaris, Ranunculus repens, Rubus caesius and 
Symphytum officinale. In some older woods Populus nigra, Vitis sylvestris, Geum 
urbanum, Geranium robertianum and Rumex sanguineus may also be present. 
Thickets of non-native species: 
This habitat develops on abandoned meadows, pastures and fields. Dominant species 
are Amorpha fruticosa, Acer negundo and Fraxinus pennsylvanica. It seems that none of 




Wetlands are endangered throughout the Great Plain. Remnants are very important 
refuges for many habitats, and species. Wetland habitats of the Hármas-Körös valley are 
almost exclusively secondary (Biró and Tóth 1997), and were formed at and after the river 
control. 
Oxbow lakes 
Most of the oxbow lakes lost their connection vyith the river, or only their lower part 
is connected to the "living" river. Consequently most of them are filled up with mud and 
become dry by summer. Oxbow lakes are surrounded by arable fields, grasslands or 
woodlands, which results in a wide variety of site conditions. Sagittaria, Sparganium, 
Butomus and Equisetum fluviatile beds are common, but Phragmites is rare. Most 
important species of this habitat arc Trapa natans, Salvinia natans, Nymphoides peltata, 
Nuphar luteum, Potamogeton lucens and Utricularia vulgaris. 
The typical zonation pattern along the shore has two variants: one below and one 
above Öcsöd. Geographical history may be responsible for this difference. 
Zonation of oxbow lakes below Öcsöd: 1st zone: Carex gracilis (with some 
Schoenoplectus lacustris), 2nd zone: Sagittaria, Sarganium erectum, Eleocharis palustris, 
Equisetum fluviatile (Oenanthe aquatica is usually absent), 3rd zone: Trapa, Salvinia, and 
Hydrocharis. 
Zonation of oxbow lakes above Öcsöd: 1st zone: Glyceria maxima and 
Schoenoplectus lacustris with some Carex gracilis, and/or Phragmites, 2nd zone: 
Sparganium erectum (with only a little Sagittaria), 3rd zone: Oenanthe aquatica (very 
abundant), 4th zone: Trapa, Salvinia, and Spirodela. 
On the inactive flood plain side the zonation is much poorer: 1st zone: Phragmites 
(wide), 2nd zone: some Trapa, 3rd zone: open water. 
K u h i k s 
River levees for river control were built from earth excavated from the vicinity of the 
new levees (on the side looking towards the river). These pits are called kubik in 
Hungarian. Since this habitat is a very special one in the Hungarian lowlands, we decided 
to keep its Hungarian name. Kubiks served as refuges for many marsh species during the 
last 100 years. 
Differences in size (depth and area) and hydrology (drained or not, shaded or not) 
results in a wide variety of habitats with very distinct vegetation. One of the main 
controling factors is the duration of water in the kubik. The large and water rich kubiks have 
a vegetation very similar to the ox-bow lakes. Physiognomy is determined largely by 
Sparganio-Glycerion species like Sparganium erectum, Glyceria fluitans, G. maxima, 
Butomus umbellatus, Sagittaria sagittifolia, Alisma plantago-aquatica, A. lanceolatum. 
Species of the reed beds are also important: Iris pseudacorus, Typha angustifolia, T. 
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latifolia, Eleocharis palustris, Schoenoplectus lacustris. Other higher species are Carex 
gracilis, Bolboschoenus maritimus, Lythrum salicaria, Sium erectum, Lysimachia vulgaris. 
Phragmites australis does not occur or has small cover. Species that develop terrestrial 
shoots after the withdrawal of the water can also be important: Polygonum amphibium, 
Rorippa amphibia, Oenanthe aquatica, Agrostis stolonifera, Alopecurus geniculatus. 
The Gyugeri-kubik, which is connected to the neighbouring oxbow is very species 
rich: Agrostis alba, Alisma plantago-aquatica, Alisma lanceolatum, Batrachium aquatile, 
Batrachium trichophyllus, Bolboschoenus maritimus, Butomus umbellatus, Carex gracilis, 
Ceratophyllum demersum, Eleocharis palustris, Hippuris vulgaris, Hydrocharis 
morsus-ranae, Iris pseudacorus, Lemna trisulca, Lycopus exaltatus, Lysimachia vulgaris, 
Myriophyllum spicatum, Oenanthe aquatica, Phalaroides arundinacea, Polygonum 
amphibium, Potamogeton natans, Potamogeton pectinatus, Riccia fluitans, Sagittaria 
sagittifolia, Salvinia natans, Schoenoplectus lacustris, Sparganium erectum, Spirodela 
polyrrhiza, Stachys palustris, Symphytum officinale, Trapa natans, Typha angustifolia, 
Utricularia vulgaris. 
In the deeper parts of the larger kubiks, if the denser vegetation has not colonised yet, 
after the withdrawal of the water species poor pioneer communities (with different 
structure than in the river bed) develop: Dichostylido-Heleochloetum alopecuroidis, 
Dichostylido-Chenopodietum rubri. More detailed descriptions can be found in Bagi 
(1988, 1991). 
If the kubik is shaded by the neighbouring trees the Rorippo amphibiae - Onanthetum 
aquaticae communiy develops and survives till the end of the vegetation period. 
Smaller kubiks generally dry out by the summer. Since in these kubiks algae with high 
biomass production live before the withdrawal of the water (e.g. Charophyta species 
/Nitella/, Vaucheria, Zygnema, Spirogyra), and these species die if dried, an organic web 
covers the surface which hinders or prevents the growth even of the ruderal species of the 
flood plain. It is a usual phenomenon that in these ruderal marshes zoochor Compositae 
(Bidens tripartita, Xanthium italicum, X. strumarium), or Polygonum species (P. 
lapathifolium, P. hydropiper) form monodominant stands of the communities 
Bidenti-Polygonetum hydropiperis, Polygono lapathifolio - Bidentetum, Xanthio strumarii 
- Chenopodietum, or Echinochloo-Bidentetum. Often even neighbouring kubiks have 
different dominant species. 
Species of a typical kubik at Bekesszentandras (20 m2) are Agrostis stolonifera, 
Bidens tripartita,Calystegia sepium, Chenopodium polyspermum, Echinochloa crus-galli, 
Echinocystis lobata, Glycyrrhiza echinata, Lycopus europaeus, L. exaltatus, Lysimachia 
vulgaris, Mentha arvensis, Oenanthe aquatica, Plantago major, Polygonum amphibium, 
Sium latifolium, Sparganium erectum, Xanthium italicum. 
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The riverhed 
This habitat is flooded for most of the vegetation period. Water level changes can 
cause re-floodings. As a consequence, short lived, fast growing, pioneer, annual species 
colonize. Though this habitat is usually only several meters wide, successional patterns are 
complex. In the lower parts the primary Nanocyperion communities develop into 
Potentillion anserinae (Agropyro-Rumicion) communities, while at higher level, where the 
organic debris transported by the river is deposited, the intermediate Chenopodion glauci 
community develops into Bidention communities. The most common community of the 
usually heavy substrate of the river Körös is the Dichostylido-Gnaphalietum, though 
Cypero-Juncetum also occurs on more sandy deposits. The Chenopodion glauci alliance is 
represented by the Echinochloo-Polygonetum commnity, while the Bidention by the 
Echinochloo-Bidentetum and Polygono-Bidentetum. Xanthium italicum may be dominant 
in all of the last three communities. 
Species composition of a typical site (5xlm) at Békésszentandrás is the following: 
Amaranthus lividus, Atriplex hastata, Chenopodium album, Ch. botryoides, Ch. 
polyspermum, Ch. rubrum, Echinochloa crus-galli, Gnaphalium uliginosum, Juncus 
compressus, Lythrum salicaria, L. virgatum, Mentha arvensis, Phalaroides arundinacea, 
Plantago major, Polygonum aviculare, P. hydropiper, P. lapathifolium, Portulaca 
oleracea,Rorippa silvestris, Salix triandra, Xanthium italicum. 
Typical species of the Potentillion anserinae community are Agrostis stolonifera 
subsp. prorepens, Amaranthus lividus subsp. adscendens, Plantago major subsp. 
pleiosperma, Ranunculus sceleratus, Rorippa sylvestris, Rumex crispus, and R. 
stenophyllus. 
The river bed communities are best studied below the barrage at Békésszentandrás. 
Semi -na tu ra l m a r s h e s of very old m e a n d e r s 
Natural wetlands are very rare in the area. Only some of the older meanders survived 
the river control. Glyceria maxima, Phalariodes arundinacea and Carex gracilis are the 
dominant species. 
Drying stands may be relatively species rich. The following stand (at 
Békésszentandrás) has 70-80 % coverage of Phalariodes arundinacea: Agropyron repens, 
Agrostis stolonifera. Althaea officinalis, Aristolochia clematitis, Atriplex acuminata, A. 
prostrata, Bidens tripartitus, Chenopodium album, Cichorium intybus, Cirsium arvense, 
Convolvulus arvensis, Dipsacus laciniatus, Equisetum arvense, Euphorbia virgata, 
Glycyrrhiza echinata, Lactuca serriola, Lythrum salicaria, L. virgatum, Picris hieracioides. 
Polygonum lapathifolium, P. mite, Potentilla anserina, P. reptans, Rubus caesius, Rumex 
crispus, R. stenophyllus, Setaria pumila, Symphytum officinale, Thalictrum simplex, 
Tanacetum vulgare, Urtica dioica, Xanthium italicum. 
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III. Grasslands 
The following grassland types can be found on the flood plain: hay meadows, dry, 
loessy pastures and in some locations alkali graslands (Toth 1982). 
Flood plain hay meadows 
Flood plain hay meadows are also very important habitats in the area. The time of 
woodland clearance is not known, so these grasslands may be several hundred or several 
thousand years old. Species composition of the meadows at different locations is very 
similar which suggest that not only site conditions but also past human land-use was similar 
along the river valley (cf. Bir6 and Toth 1997). Species composition of grasslands 100 
years ago was very similar to the present one. This also suggests that this habitat has not 
changed considerably in the recent past. 
The typical species compostion of the present day hay meadows (Alopecuretum 
pratensis hungaricum) is the following (see also Table 1. for ecological relevees (5x5 m)): 
Characteristic species of meadows: Allium angulosum, Alopecurus pratensis, 
Chrysanthemum leucanthemum, Clematis integrifolia, Eleocharis palustris, Galium 
rubioides, Glycyrrhiza echinata, Gratiola officinalis, Lathyrus pratensis, Lysimachia 
nummularia, Lythrum virgatum, Potentilla reptans. Ranunculus repens, Scutellaria 
hastifolia, Stellaria graminea, Symphytum officinale, Thalictrum lucidum, Viola pumila. 
Indifferent meadow species (increased dominance of these species, however, suggests 
degradation): Althaea officinalis, Centaurea pannonica, Cichorium intybus, Glechoma 
hederacea, Inula britannica, Lotus corniculatus, Mentha sp., Plantago lanceolata, Poa 
pratensis, Poa trivialis. Polygonum lapathifolium, Rorippa austriaca, Rorippa sylvestris, 
Rubus caesius, Rumex crispus, Taraxacum officinale, Trifolium repens, Vicia cracca. 
Species of wetter habitats: Carex melanostachya. Euphorbia lucida. Iris pseudacorus, 
Lycopus exaltatus, Lysimachia vulgaris, Phalaroides arundinacea. 
Species of drier habitats: Achillea collina, Asparagus officinalis, Carex praecox, 
Euphorbia salicifolia, Euphorbia virgata. Ranunculus polyanthemos, Trifolium arvense, 
Vicia hirsuta. 
Weeds: Agropyron repens, Amorpha fruticosa, Arctium lappa, Aristolochia 
clematitis, Carex hirta, Cirsium arvense, Convolvulus arvensis, Festuca pratensis (sown), 
Lathyrus tuberosus, Plantago major, Ranunculus bulbosus, Tanacetum vulgare, Xanthium 
italicum. 
Species lists of some meadows of cca. 100 years ago: 
1st list: Glycyrrhiza echinata, Euphorbia lucida, Scutellaria hastifolia, Thalictrum 
lucidum, Potentilla reptans, Mentha spp., Eleocharis palustris, and "csate, kaka" (Borbas 
1881). 
2nd list: Carex melanostachya, Cartex hirta, Thalictrum lucidum. Euphorbia lucida, 
Alopecurus pratensis, Vicia cracca, Potentilla reptans (or Ranunculus repens?), Cerastium 
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dubium, Iris pseudacorus, Scutellaria hastifolia, Lysimachia vulgaris, Allium aiigulosum 
(Borbás 1881). 
3rd list: Glycyrrhizaechinata, Polygonum amphibium, Rorippa austriaca, Phalaroidcs 
arundinacea, Glyceria maxima, Artemisia pontica. Inula britannica, Carex melanostachya, 
Agrostis stolonifera, Trifolium repens, Echinochloa crus-galli, Xanthium strumarium, 
Viola pumila, Sium latifolium, Stachys palustris. Iris pseudacorus. Euphorbia palustris, E. 
lucida, Rumex acetosa, Conium maculatum, Calystegia sepium, Agropyron repens, Lolium 
perenne, Lactuca saligna, Plantago major, Matricaria maritima spp. inodora, Daucus 
carota, Trifolium repens, Gratiola officinalis, Solidago canadensis, Hibiscus trionum, 
Thalictrum flavum, Inula britannica, Potentilla anserina, Lysimachia nummularia, 
Ranunculus sardous, Lotus corniculatus, Setaria verticillata, Bidens tripartita, Gypsophila 
muralis, Althaea officinalis, Centaurea jacea, Trifolium pratense, Lythrum virgatum, 
Mentha pulegium, Vicia cracca, Cichorium intybus, Symphytum officinale (Korén 1883). 
4th list: Achillea millefolium, Ajuga genevensis, Alopecurus pratensis, Aristolochia 
clematitis, Asparagus officinalis, Ballota nigra, Carex praecox, Cirsium arvense, 
Convolvulus arvensis, Euphorbia cyparissias, E. esula, E. palustris, E. lucida, E. virgata, 
Galium aparine, G. verum, Lathyrus tuberosus, Cardaria draba, Lolium perenne, 
Melandrium album, Lysimachia nummularia, Matricaria chamomilla, Medicago lupulina, 
M. sativa, Mentha arvensis, Myosotis stricta, Myosurus minimus, Pastinaca sativa, 
Phalaroides arundinacea, Poa palustris, P. pratensis, P. triviális, Podospermum canum, 
Polygonum aviculare, P. hydropiper, Ranunculus arvensis, R. pedatus, Rorippa amphibia, 
R. austriaca, R. sylvestris, Agropyron repens, Trifolium hybridum, T. pratense, T. repens, 
Vicia cracca, V. lathyroides, V. sativa, Viola pumila (Koren 1883). 
Though these species lists represent probably a larger area than one meadow stand, the 
low number of species of drier and wetter habitats suggests that hay meadows were mainly 
surveyed. Thus, these lists can serve as a reference for comparison with present day 
grasslands. 
The hay meadows of the area are species poor compared to the stands in the upper 
Tisza valley, and characteristic species are rare or absent (this was emphasized already by 
Borbás in 1881). Among the very few more interesting species are Thalictrum lucidum, 
Clematis integrifolia, Allium angulosum, Glycyrrhiza echinata, Galium rubioides, and 
Viola pumila. Absent or very rare species are Leucojum aestivum, Veronica longifolia, 
Thalictrum flavum (only at Szarvas), Cirsium canum, Serratula tinctoria, Chrysanthemum 
serotinum (only at Szarvas). These species are more common upstream (Doboz, Sarkad, 
Vésztő, Fás, Gyula, Nagyvárad) (Soó and Máthé 1938), thus their absence or rarity may be 
the consequence of habitat degradation in the Hármas-Körös valley. 
Dry pastures 
Dry grasslands are not common in the flood plain, since most of the drier areas are 
occupied by arable fields or forests. Most stands are used for cattle or sheep grazing and 
are degraded and characterless (Achilleo-Fcstucetum pseudovinae). More interesting 
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species occur mainly on more alkali sites: Bassia sedoides, Peucedanum officinale, Aster 
punctatus, Artemisa pontica. 
In this region most of the dry grasslands - mostly steppes - had been cultivated in the 
Middle Ages and were abandoned during the Turkish Occupation (Molnár 1996 Bíró and 
Tóth 1997). We know very little about the species composition of these relatively old 
secondary grasslands. One example may be the stand surveyed floristically by Borbás 
(1881) at Gyoma. Lack of specialist steppe species and abundance of generalists suggests 
the secondary character of the grassland. In 1783 the area is shown as a grassland (1st 
military survey map). 
Specialist species: Ranunculus polyanthemos, Salvia austriaca. Salvia pratensis, 
Coronilla varia. 
Generalists and weeds: Lotus corniculatus. Ranunculus sardous, Koeleria cristata, 
Euphorbia virgata, Cerastium fontanum, C. pumilum, Stellaria graminea, Festuca 
pseudovina-rupicola, Bromus mollis, B. communtatus, B. tectorum, Agropyron repens, 
Taraxacum officinale, Falcaria vulgaris, Vebascum blattaria, Achillea millefolium, Linaria 
vulgaris, Podospermum canum, Vicia angustifolia, V. sativa, Adonis aestivalis, Viola 
arvensis, Capsella bursa-pastoris, Alyssum alyssoides, Lamium purpureum, Erodium 
cicutarium, Geranium pusillum, Veronica arvensis, Myosotis stricta, Arenaria serpyllifolia, 
Vicia hirsuta, Scleranthus annuus, Valerianella dentata, Tragopogon dubius, Crepis 
tectorum, Lolium perenne. Polygonum aviculare, Carduus nutans, Lappula squarrosa. 
Meadow species: Trifolium repens, T. pratense, Ononis arvensis, Alopecurus 
pratensis, Festuca pratensis, Chrysanthemum leucanthemum, Cichorium intybus 
Alkali grassland species: Trifolium striatum, Lotus tenuis, Gypsophila muralis, 
Trifolium fragiferum. 
G r a s s l a n d s on levees 
Levees are about 100 years old, but the grassalands on them may be younger as a 
consequence of subsequent hightening of the levees. On the wetter side, grasslands similar 
to the hay meadows developed, with some species that are more frequent here than in their 
original habitats (Clematis integrifolia, Chrysanthemum leucanthemum). Levees may 
serve as corridors for these species. On the drier parts, grasslands similar to loess grasslands 
are common. These secondary grasslands are, however, much species poorer than the 
natural ones (cf. Korén 1883 and Tímár 1952, 1953). Non-native (often submediterranean) 
species migrate in this habitat (Tímár 1953, 1954). 
The more interesting dry habitat species are Agropyron pectinatum, Allium 
atropurpureum, Alyssum alyssoides, Bassia sedoides, Centaurea solstitialis, Clinopodium 
vulgare, Coronilla varia, Falcaria vulgaris, Kochia prostrata, Koeleria cristata, Onobrychis 
viciifolia, Salvia austriaca. Salvia nemorosa, Sideritis montana. Species of the moister 
habitats are Allium angulosum, Centaurea pannonica. Chrysanthemum leucanthemum, 
Clematis integrifolia, Galium mollugo, Galium rubioides, Glycyrrhiza echinata, 
Thalictrum lucidum. 
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Short description of some more interesting plant species 
The protected, rare, and invasive species are briefly described, with some others that need special 
habitats in this landscape. 
Acer negundo: 100 years ago this non-native invasive species was found only along roads and in 
gardens (Koren 1883). Today it is very common in many habitats. 
Agropyron pectinatum: Sporadic on the drier parts of the river levees. 
Allium angulosum: A typical species of the meadows.of this area. Common, but not dominant in 
many not too degraded meadows. 
Amorpha fruticosa: This non-native species was a garden plant 100 years ago (Koren 1883), but was 
already common 50 years ago having a typical zone on shores (Ubrizsy 1949). Today it is very 
common and still spreading in abandoned areas. 
Asclepias syriaca: Only rarely found yet. No previous data exist. 
Aster punctatus: On the outer side of the river levees on more alkali soils. On the active flood plain 
only rarely found (e.g. Gyügér-zug). 
Aster tripolium ssp. pannonicum: Rarely on alkali soils. 
Astragalus contortuplicatus: It was a characteristic species of the river bed (common at Szarvas -
Koren 1883). In the last years nobody has seen it. Barrages may strongly affect its habitat. 
Bassia sedoides: In the Szelevény area this species lives on highly alkali soils, on the Peresi-deponia 
and on levees (e.g. Békésszentandrás) on loessy substrate. 
Bidens frondosa: New invasive adventive species. It was found at several sites in the river bed after 
1992. 
Chrysanthemum leucanthemum and Clematis integrifolia: They can be very common in the lower, 
wetter part of the river levees (especially below Öcsöd). On meadows only rarely found (but tens 
of tousands of Clematis were found near the Gyügér-zug). levees may serve as refugia and 
corridors for these species. 
Cirsium furiens: Gyomaendröd, Templom-zug, on the lower, inner parts of the levees. 
Clinopodium vulgare: Not rare on levees at Félhalom. 
Convallaria majalis és Polygonatum latifolium: These woodland generálist species were sporadic 
previously in woodlands, presently they are probably extinct. 
Dryopteris filix-mas: One individual was observed in a crack of an old willow at Békésszentandrás 
between 1983-1985. 
Elatine alsinastrum: Only in the Szelevény area on mud surface. 
Elodea canadensis: One stand was found in the Gyügér-zugi-holtág. May be the first data for the 
Tiszántúl region. 
Equisetum fluviatile: In the more vegetated, more natural oxbow lakes, partly floating on the water 
small monodominant patches were found. 
Fraxinus pennsylvanicus: No previous data were found, so it is unknown since when this invasive 
species has been common in the area. Today very common in woodlands. 
Glycyrrhiza echinata: Common in hay meadows, pastures, abandoned grasslands and on levees. 
Hippuris vulgaris: In the kubik near the Gyügér-zugi-holtág 2-3 small colonies were found. This 
species is rare in the Tiszántúl, but was found already in the area previously at Szarvas (Molnár 
1994). 
Kochia prostrata: Sporadic on the driest parts of the levees. 
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Leersia oryzoides: Rare on the shores of oxbow lakes. 
Listera ovata and Ophioglossum vulgatum: In a secondary woodland at Szarvas (Molnár 1979). 
Lotus angustissimus: Gyomaendrőd, Soczó-zug 
Nuphar luteum: A small population was found in the Dan-zugi-holtág. Once common. May be 
spreading today. 
Nymphaea alba: A spreading population lives in the Szarvasi-holtág. The population was big earlier 
(Ubrizsy 1949), became nearly extinct later (Z. Molnár pers.comm.). 
Nymphoides pel tata: Rare. A small population lives in the Szarvasi-holtág, and one in the 
Dan-zugi-holtág. 
Peucedanum officinale: On the shores of the Kékes-holtág one individual was found with Artemisa 
pontica and Aster punctatus. Also at Békésszentandrás. 
Populus nigra: In the Szarvas region it was only found along roads 100 years ago (Koren 1883). 
Today it is not a rare species occuring mainly as single individuals or small groups throughout 
the whole area. The origin of these individuals is unknown. The population may be an important 
gene bank for the species. Genetic investigations are needed to determine genetic purity of the 
population. 
Potamogeton lucens: Sporadic in oxbow lakes and kubiks (e.g. Torzsás, Halásztelek). 
Rudbeckia and Heracleum spp.: None of them have been found in the area yet. 
Salix cinerea: Rare species. Found at Furugy and in the Külsó-Tehenes. 
Salvinia natans and Trapa natans: Very common in many oxbow lakes and younger kubiks. 
Thalictrum lucidum: Sporadic in hay meadows and on the lower parts of the levees, but never 
dominant. 
Thalictrum minus: In degraded loess grasslands at Szarvas. (Z. Molnár, pers. comm.) 
Triglochin maritimum: In meadow at Szarvas. (Z. Molnár, pers. comm.) 
Utricularia vulgaris: Sometimes dominant in oxbow lakes, but is not common. 
Vitis sylvestris: Since this species is difficult to distinguish from the non-native Vitis species, exact 
distribution is unknown (Békésszentandrás, Halásztelki-holtág, Aranyosi-holtág, 
Gyomaendrőd). 
Wolffia arrhiza: 40 years ago one population was known (Almády 1961). Today also only one near 
to the former one at Szarvas, but a different one. 
Probably extinct species of the area: Stratiotes aloides, Armoracia macrocarpa, Marsilea quadrifolia 
(it was common 50 years ago - Ubrizsy 1949), Convallaria majalis, Eryngium planum, Sedum 
maximum. 
The endangered species of this section of the Körös river are Astragalus contortuplicatus, Equisetum 
fluviatile, Hippuris vulgaris, Listera ovata, Nuphar luteum, Nymphaea alba, Nymphoides peltata, 
Ophioglossum vulgatum, Triglochin maritimum, Vitis sylvestris. The status of the other species 
is "not vulnerable", or unknown. 
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Table 1. Alopecuretum pratensis hungaricum in the Härmas-Körös valley 
SPECIES / P L O T 1 2 3 4 5 6 7 8 9 10 11 12 13 K 
Characteristic species 
Alopecurus pratensis 60 30 35 15 2 0.1 40 35 15 2 40 70 35 V 
Glycyrrhiza cchinatu 0.5 1 1 3 2 1 8 0 2 0 10 2 0 IV 
Ranunculus rcpcns 2 2 20 1 0.1 0 10 1 0 25 2 5 3 IV 
Symphytum officinale 0.1 10 0.1 20 0.1 10 1 0 0 0 0.1 1 10 IV 
Thalictrum lucidum 0.5 1 0.5 0 0 0 0.5 1 0 1 1 0.1 0.1 IV 
Allium angulosum 1 0 0.5 1 1 0 0.5 0 0 0.5 0 1 1.5 in 
Lylhrum virgatum 0.5 0 0.1 0.1 0.5 1 1 0.1 0 0 0 0.1 0 III 
Potentilla reptans 1 3 2 0 0 0 0.1 0 0.1 2 0.1 5 0 m 
Chrysanthemum 0 0 0 0 0 0 0 0 0 0 0 0.1 0 II 
leucanthemum 
Gratiola officinalis 0.1 10 0 0 0 0 0 0 0 0 0 0.1 0.1 n 
Lysimachia nummularia 0 25 0 0 0 0 0.1 0 0 0 0 10 0.1 ii 
Viola pumilu 1 0 0 0 0 0 0.1 8 0 0 3 0 0 ii 
Clematis integrifolia 10 0.1 0 0 0 0 0 0 0 0 0 0 0 i 
Hleocharis palustris 0 0 0.1 0 0 0 0 0 0 0 0 0 0 i 
Galium rubioides 0 0 0 0.1 0 0 0.1 0 0 0 0 0 0 i 
Lathyrus pratensis 0 0 0 0 0 0 0 0 0 0 0.1 0 0 i 
Scutellaria hastil'olia 0 0 0 0 0 0 0.1 0 0 0 0 0 1 i 
Stellaria graminea 0 0 0 0 0 0 0.1 0 0 0 0 0 0 i 
Indifferent meadow species 
Poa pratensis s.str. 1 1 5 2 40 0 10 35 50 30 20 2 5 V 
Taraxacum officinale 4 0 2 2 4 3 2 1 2 3 3 1 2 V 
Rorippa austriaca 3 10 0.1 0.1 2 1 0.1 0 0 0 0 10 3 IV 
Rumex crispus 1 1 1 0.1 0.1 0 1 0 1 0 1 2 1 rv 
Vicia cracca 0.1 2 2 0.1 1 2 0 0 0 1 2 0.1 0 IV 
Althaea officinalis 0 1 0.5 0 0.1 0 0.5 0.1 0.1 0 0.1 0 0.1 III 
Centaurea pannonica 0 0 0 0 2 0 0.1 2 2 3 1 0 0 III 
Planlago lanceolata 0.1 0 0.1 0 5 0 0.5 0.1 0 15 0 0 0 III 
Rorippa sylvestris 0 3 4 0.1 0 2 0 0 0 0 0 0 2 III 
Cichorium inlybus 0 0 0.1 0 0 0 0 0 0 0.1 0 0 0 II 
Glechoma hederacca 0 2 0 0 0.1 0.1 0 0 0 4 0 0 0.1 II 
Lotus comiculatus 0 0 0 0 2 0 0.1 0 6 15 2 0 0 II 
Mentha sp. 0 0 0.1 0 0 0 0.1 0 0 0 0 0 0.1 II 
Polygonum lapathifolium 0.1 0 0 0 0.1 0.1 0 0 0.5 0 0.1 0 0 II 
Rorippa sp. 0 0 5 0 0 1 0.1 0 0 0 10 1 0 II 
Ruhus caesius 0.1 0 0 0 0 10 0 0 0 0 0 0 0.5 II 
Trifolium repens 0 0.1 0.5 0 0.1 0 0 0 0 20 10 0 0 II 
Inula brilannica 0 0 0 0 0.1 0 0 0 0 0 0 0 5 I 
Poa trivialis 0 0 0 0 0 0 0 0 0 0 0 0.1 0 I 
Marsh species 
Carcx melanostachya 5 15 1 1 0.1 0 10 0.1 0.1 0 1 0 2 IV 
Euphorbia lucida 0.1 10 6 0.1 0.1 0.1 0.5 0 0 0 0.1 0 0.1 IV 
Iris pseudacorus 0.1 3 0.1 1 0.1 0 0.1 0 0 0 0.1 0 2 III 
Lysimachia vulgaris 0 0.1 0 0 0 0 0.5 0 0 0 0 0 2 II 
Lycopus exaltatus 0 0 0 0 0 0.1 0 0 0 0 0 0 0 I 
Phalaroides arundinacca 0 0.1 0 0 0 0 0 0 0 0 0 0 0.1 I 
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S P E C I E S / P L O T 1 2 3 4 s 6 7 8 9 10 11 12 13 K 
'Species of drier habitats 
Carex praecox 10 4 2 2 10 0 3 3 0 3 4 0 3 IV 
Asparagus officinalis 0 0 0.1 0.1 0 0 0 0 Q 0 0 0.1 0 II 
Euphorb ia salicifolia 0 0 0 0 0 0 0.5 0 0 0 2 0 0.1 11 
Euphorbia virgala 0.1 0 0 1 0.1 0 0 5 0 0 0 0 1 II 
Ranunculus polvanthemos 0.1 0 0 0 0 0 0 0.1 0.1 0 0.1 0 0 11 
Vicia sp. 0 0 0 0 0 0 0.5 0 0 0 0.1 0 0 II 
Achil lea col l ina 0 0 0.1 0 0 0 0 0 0 0 0 0 0 I 
Trifol ium arvensc 0 0 0 0 0 0 0 0 0.1 0 0 0 0 1 
Vicia hirsuta 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
Weeds 
Agropyron repens 0 0 2 40 15 0 2 0 1 0 0 0 25 
Cirs ium arvense 2 0 1 0.1 0 10 0.1 1 0 0 0.1 0 0.1 III 
Convolvulus arvensis 0.1 0 0 0.1 0 3 0 2 3 0 2 0 0.1 111 
Amorpha frul icosa 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 I 
Arct ium lappa 0 0 0 0 0 0.1 0 0 0 0 0 0 0 I 
Aristolochia clematit is 2 0 0 0 0 0 0 0 0 0 0.1 0 0 1 
Carex hirta 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
Festuca pratensis 0 0 0 0 0 50 0 0 0 0 0 0 0 1 
I .athyrus tuberosus 0 0 0 0 0 0 0 0.1 0 0 0.1 0 0 I 
Planlago major 0 2 0.1 0 0 2 0 0 0 0 0 0 0 1 
Ranunculus bulbosus 0 0 0 0 0 0 0 0 0 r 0 0 0 1 
Tanacetum vulgare 0 0 0 0 0 0 0 0 0 0 0.1 0 0 1 
Xanth ium italicum 0 0 0 0 0 0.1 0 0 0 0 0 0 0 1 
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Chemical characteristics of the water and sediment 
of the Cri^/Koros1 river system 
József Hamar, Katalin Zsuga, Alpár Fodor & Michaela Ponía 
Abstracts 
The rivers of the Criç/Kôrôs river system rise in the Transylvanian Mountains in 
Romania. After their junction the Hàrmas-Kôrôs river meets the Tisza river in the 
Hungarian Great Plain. Environs of the headwaters are clean but the human impact along 
the river is important (such as mines, dams, and communal waste). Retaining the water 
output by dams and the process of eutrophication caused some difficulties for the regional 
water management. 
Keywords: river, water, sediment, chemical composition. 
Introduction 
The Cri$/Körös Rivers system consists of the following four main rivers: Barcáu/ 
Berettyó, Cri§ul Repede/Sebes-Körös, Cri?ul Negru/Fekete-Körös and the Cri$ul-Alb/ 
Fehér-Körös. After the junction of the Fekete-Körös and Fehér-Körös the river is named 
Kettös-Körös and after it meets with the Sebes-Körös, the river is named Hármas-Körös. 
The Körös Rivers represent one of the most developed river systems to tribute to the Tisza 
River (cf. Fig. 1.). 
Most examinations of longitudinal sections in the Carpathian Basin were made on the 
Tisza (Bodrogközy (Reg.) 1981). A detailed study of the sediment was performed (Györy, 
Végvári 1981, László, Berta 1981). The toxic metal contents of the water and the sediment 
were examined (Waijandt, Bancsi, 1989, Waijandt et al. 1990) The physical and chemical 
study of the Mure$/Maros river was the first joined expedition by Romanian and Hungarian 
experts. (Waijandt, 1995). 
The monitoring of chemical composition of the Cri§/Körös river system is 
continuously done by the authorities of both countries. 
1 The first name is Romanian, and the second Hungarian. 
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Material and methods 
The samples were taken during expeditions in 1994 and 1995 (see Tables). 
The chemical parameters of the water and sediment samples of rivers were analysed 
according to the Hungarian standard methods by Environmental Laboratory of the Körös 
District Authority. Besides on some general parameters (pH, conductivity, macroions etc.), 
the components of the oxygen and nutrient budget of the river were studied. The 
concentrations of heavy metals were measured by AAS. This project was a part of 
co-operation between the authorities and the Babe§-Bolyai University. 
Results and discussion (Tab. 1-5.) 
The Cri$ul Alb/Fehér Körös River 
Based on the inorganic ion contents, the water is a Ca-HCOrSOj type. The total 
dissolved solid content in the headwater is not too high but the effect of Brad town is 
drastic. The sulphate content increased more than tenfold and other ions also increased 
considerable. 
Oxygen content was high, excluding Brad (3,21) because of the organic wastes 
(Fig. 2.). 
The contents of nitrogen and phosphor were low in the headwater. After Brad the 
ammonium and ortho-phosphate concentrations were higher. The valuable organic 
pollution purification processes along longitudinal section of the river were satisfactory. 
The chlorophyll-a content was very low, indicating a lower activity of phytoplankton. 
We think that the relatively high oxygen concentration (excluding Brad sampling site) was 
caused by the turbulence of the river. 
The heavy metal content of the water were low, with the exception of Brad where the 
total Zn concentration increased suddenly. 
No significant Cd, Ni, Pb, Cr or Cu concentrations were measured in the sediments 
along the river, but the Zn accumulation at Brad was considerable. 
Cri$ul Negru/Fekete-Körös River 
Based on the inorganic ion contents, the water is the Ca-HC03- type. Dissolved 









Fig. I. Dinamism of the conductivity (nS/cm) 
(334-210 mg/l) suggest a moderate salt content. The dynamics of the conductivity were 
similar and quite balanced (Fig. 1.). 
The pH was low (6,5-7,0) and free C02 was found along the river. 
The oxygen content was high and saturation was nearly 100%. Chemical Oxygen 
Demand (COD-Cr) increased along the river, but the values were relatively moderate. The 
contents of the nitrogen and phosphorus forms were low in the longitudinal section of the 
river. We think that the higher concentration of nitrate near the spring has a geological 
background. 
The chlorophyll-a content was low and increased along the river. 
Heavy metal contents of the water and the sediment where low. The relatively higher 
Mn and Zn contents of the sediment have a geological background. 
Cri$ul Repede/Sebes Körös River 
The ionic type of this river is Ca-HC03. Environs of the upper section (§aula-Ciucea) 
were characterized by higher chemical values, caused by the geological background and 
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agriculture activity. The inorganic ion contents, the total hardness and conductivity were 
relatively higher. In the Criç Strait, between Vadu Criçului and Fughiu, many streams 
diluted the water (Fig. 3.). 
The oxygen content was high with the exception of two sampling sites (1,55-1,97 
mg/1). We expect this to be caused by the common waste of the town of Oradea 
Ortho-phosphate contents where higher at upper region and the mouth, but it was 
diluted by streams along the Strait. 
Heavy metal contents of the water and sediment were low but accumulated at the 
mouth. 
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Calcium (mg/l) and Total Hardness (nk) 















Fig . 3. 
The Dragan/Dregan and lad/Jad Streams 
Both streams are tributaries of Cri$ul Repede river. They are Ca-HC03 types with low 
inorganic ion contents. The dissolved oxygen concentration and the inorganic N and P 
concentrations were high. A low heavy metal concentration was found. 
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BarcSu/Berettyo River 
The river was only sampled at its mouth. 
Based on the inorganic ions we determined the water as a Na-HCC>3 type. All 
measured inorganic ion concentrations were moderately low. The COD-Cr was higher 
because of the organic material. Low heavy metal content was detected. 
Kettős-Körös River 
The river starts at the confluence of the Crijul Negru and Cri$ul Alb and is located in 
the Hungarian Great Plain (see Fig. 1.). 
The ionic type of this river was Ca-HC03. The conductivity and the total dissolved 
solid content indicated a moderately low salt concentration. The pH was neutral and the 
oxygen saturation near 100%. Inorganic N content and Chlorophyll-a were low. 
Excluding Mn and the Zn, No metal accumulation in the sediment were found. 
Hármas-Körös River 
This river collects the waters of the Crij/Körös catchment area (see Fig. 1.). 
The inorganic ion content was moderately low and the dominancy of some ions like 
Ca, Na, chloride, sulphate and hydrogen-carbonate can be traced back to the water 
composition of the tributaries. 
The oxygen content, the inorganic N and P concentration and the Chlorophyll-a value 
show a moderately eutrophicated condition of the water. 
There was no important metal accumulation in the sediment. 
Conclusion 
Environs of the headwaters are clean but the human impact along the river is important 
(such as mines, dams, and communal waste). Retaining the water output by dams and the 
process of eutrophication caused some difficulties for the regional water management. 
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Sampling sites Cri?ul Alb/Fchir -KOrfis 
Chri? Brad Aciufa Alma; Ineu Chijineu-Cri? Gyulaviri 
Water temperature , °C 14,0 16,0 17,0 19,0 20,0 21,0 23,5 
pH (on-the-spot) 6,50 6,80 6,90 6,90 7,00 7,00 7,00 
Conductivity (fiS/cm) 296 733 502 406 359 377 387 
Free C o j (mg/l) 6,6 15,4 6,6 4,4 5,5 2,2 6,6 
Dissolved O2 (mg/l) 10,21 3,21 8,78 7,57 6,96 9,80 6,75 
Oxigen Saturation (%) 100 33 91 82 77 111 80 
COD-Cr (mg/l) 0,0 11,9 11,2 8,2 8,4 10,0 12,8 
Calcium (mg/l) 61,0 122,00 76,00 67,00 51,00 53,00 55,00 
Magnesium (mg/l) 3,90 21,10 13,00 12.20 11,70 11,90 12,10 
Sodium (mg/l) 3,9 30,4 16,4 14,8 11,6 15,7 16,3 
Potassium (mg/l) 1 ,0 6.0 3,9 4,0 3,7 4,0 4,2 
Chloride (mg/l) 1,37 23.80 12,59 11,12 9.17 11,61 11,90 
Sulphate (mg/l) 18,54 239,03 139,03 116,59 71,22 67,32 78,05 
HCO-) (mg/l) 213,50 262,30 173,85 117,95 173,85 186,05 186,05 
CO3 (mg/l) 0,0 0.0 0,0 0,0 0,0 0.0 0,0 
Total dissolved solid (mg/l) 216 572 420 374 280 306 316 
Total Fe (mg/l) 0,04 0,59 0,18 0,22 0,57 0,30 0,08 
Total Mn (mg/l) 0,02 1,59 0,13 0,16 0,25 0,15 0,07 
NH4 (mg/l) 0,006 2,813 0,042 0,263 0,099 0,077 0,056 
NO2 (mg/l) 0,010 0,090 0,007 0,023 0,010 0,040 0,030 
NO3 (mg/l) 0,496 0,332 0,044 0,460 0,093 1,351 1,696 
PO4 (mg/l) 0,012 0,809 0,052 0,031 0,018 0,156 0,166 
Total P (mg/l) 0,051 0,460 0,069 0,101 0,087 0,105 0,096 
ANA detergents (mg/l) 0,022 0,112 0,025 0,030 0,018 0,001 0,000 
Chlorophyll-a(mg/l) 1.6 2,4 2,45 2,8 6.8 7,4 7,6 
Total Cd (n/1) 0,0 0,1 0,0 0,0 0,0 0,0 0,0 
Total N1 (p/1) 0.0 2,5 0,0 2,8 0.0 0,0 0,0 
Total Zn (m/I) 14,5 100,0 <10,0 <10,0 <10,0 <10,0 <10,0 
Total Pb (n/l) 0,0 0,0 0,0 0,0 0,0 0,0 3.0 
Total Cr (fi/l) 5.3 1,1 0,6 1,7 1,0 0,6 2,0 
Total Cu (n/l) 2,9 15,3 5,6 2,5 2,0 2,1 2.0 
Sampling sites C'riful Negru/Fekete-Körös Kettôs-K. Hármas-K 
Poiana Stei Bora Tinea Zerind Sarkad Békés mouth 
Water temperature, °C 14,5 16>5 19,5 21,0 23,5 23,0 22,0 22,0 
pH (on-the-spot) 6,50 6,75 6,75 6,75 7,00 7,00 7,00 7,00 
Conductivity (jiS/cm) 77 310 309 296 296 316 316 424 
Free C02 (mg/1) 3,3 6,6 4,4 5,5 1,1 3,3 5,5 3,30 
Dissolved O2 (mg/1) 9,87 8,77 9,93 8,36 9,84 7,17 7,99 6,73 
Oxigen Saturation/%) 97 90 109 95 117 84 92 78 
COD-Cr(mgZl) 0,0 5,6 5.1 5,6 7,7 163 11,7 10,7 
Calcium (mg/1) 14,00 54,00 51,00 44,00 41,00 48,00 46,00 43,00 
Magnesium (mg/1) 1,90 8,20 14,00 9,90 8,80 9,50 9,00 9,90 
Sodium (mg/1) 7.3 7,6 7,2 9,2 9,7 10,4 10,6 39,9 
Potassium (mg/1) 0,9 2,6 3,0 2,9 3,0 3,6 3,3 4,2 
Chloride (mg/1) 2,83 5,27 6,73 6,73 8,20 10,63 9,66 40,88 
Sulphate (mg/1) 17,56 26,83 22,93 25,37 25,85 27,81 37,56 50,25 
HCO3 (mg/1) 61,00 204,35 213,50 192,15 189,10 195,20 186,05 201,30 
CO3 (mg/1) 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0.0 
Total dissolved solid (mg/1) 96 272 238 238 344 224 210 272 
Total Fe (mg/1) 0,04 0,13 0,41 0,33 0,21 0,34 0,19 0,13 
Total Mn (mg/1) 0,01 0,07 0,14 0,04 0,06 0,10 0,40 0,05 
NH4 (mg/1) 0,000 0,587 0,096 0,062 0,013 0,088 0,079 0,140 
NO2 (mg/1) 0,007 0,423 0,100 0,023 0,007 0,027 0,013 0,023 
NO3 (mg/1) 2,037 3,225 2,649 1,173 0,053 0.283 0,168 0,890 
P 0 4 (mg/1) 0,028 0,291 0,156 0,058 0,169 0,113 0,111 0,601 
Total P (mg/1) 0.055 0,134 0,156 0,062 0,101 0,058 0,108 0,200 
ANA detergents (mg/1) 0,015 0,030 0,025 0,000 0,024 0,000 0,000 0,000 
Chlorophyll-a (mg/1) 2.1 1,8 2,2 3,8 4,2 6,4 8,2 16,8 
Total Cd (n/1) 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Total Ni (n/1) 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Total Zn (ji/1) 3,2 <10,0 11,7 <10,0 <10,0 <10,0 <10,0 <10,0 
Total Pb (p/1) 0,0 0,0 1,2 0,0 0,0 9,5 0,0 0,0 
Total Cr (m/I) 0,3 1,0 2,6 0,9 0,4 3,8 0,2 0,4 
Total Cu (ji/l) 1,1 1,2 4,1 1,3 1,4 10,9 1,6 1,6 
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Sampl ing s i t e s Drâgan /Dregàn 
Creek 
l ad / Jád 
Creek 
Crlçul R e p e d e / S e b e s - K ö r ö s B a r c l u / B e r a t t y ó 
Saula Bologa Ciucea Vadu Criç Fughiu Cheresig Szeghalom Szeghalom 
Water temperature "C 16,8 9.2 13,2 16,2 15,2 12 18.5 25.8 24 ,5 24,2 
pH 8,25 8.36 7.75 8,14 6.3 8.18 8,04 7,96 7,92 7.9 
Conductivity (uS/cm) 334 67 591 437 215 95 165 238 238 385 
Dissolved Oxigén (mg/l) 7.7 11,54 9.99 8.7 10,33 11.53 1.55 1.97 10,9 14.85 
COD-Cr (mg/l) 6.4 0,5 4,5 10,9 3.4 0,6 4.8 10.4 5 24 ,8 
Total Hardness (Germ ) 9 2.8 17.9 11,7 5,3 2 ,3 4 .3 5,6 5.7 6 .3 
Calcium (mg/l) 48,2 17,7 97,5 63,1 23.3 13.1 25.1 32,2 33 30,6 
Magnesium (mg/l) 9.6 1.5 18,6 12,5 5.8 1.9 3,6 4.7 4.8 8.8 
Sodium mg/l) 11 3.8 13.9 13.1 6.8 4 ,6 5.9 10.5 10.4 38.8 
Potass ium (mg/l) 3.9 0,8 4,5 5,1 3 1 1.9 3.3 3.3 4.7 
Chloride (mg/l) 9.1 0 11.5 13 5 0.1 0,5 4.8 7.6 40 
Sulpnate (mg/l) 28,9 5.6 52 43.8 21.4 13,5 4.9 3.3 44 ,3 52 
H C 0 3 (mg/l) 195 45 390 254 126 62 104 125 126 146 
Total F e (mg/t) 0,21 0,08 0,35 0,39 0,14 0,15 0,27 0.29 0 .18 0,92 
Total Mn <mg/l) 0,04 0 .03 0,07 0,05 0.26 0 ,03 0.07 0,07 1.25 0,19 
NH4(mg/1) 0 ,013 0,01 0,019 0,029 0,326 0 ,019 0,04 0,229 0,099 0.265 
N 0 2 (mg/1) 0 ,07 0,027 0,094 0,097 0,328 0,006 0,08 0,399 0,152 0,024 
N 0 3 (mg/1) 2.9 3 7 4,8 1.7 2.6 2 3,6 2.8 1.4 
P 0 4 (mg/1) 0.221 0,089 0,276 0,484 0,043 0,043 0,077 0,353 0,322 0,11 
ANA-detergents (mg/l) 0,014 0,006 0,18 0,019 0.011 0 0 0.006 0 0,007 
Total Cd (m/1) 0,2 0.1 0,2 0.1 0 0 5 0,1 0,2 0.1 0,2 
Total N1 (u/l) 0 .3 0 1.3 5,4 0 0,2 0,2 0.8 1,3 1.2 
Total Zn (u/1) - - 10 33 - - - 23 71 20 
Total Pb (m/I) 0.3 0,1 0.6 0.6 0 0 ,3 0.2 0,7 1,3 1,2 
Total Cr (m/1) 0.2 0 1.3 - 0,1 0 ,3 0 1 1.6 0,6 
Total Cu (m/1) 1,9 9 4.1 11.2 1.9 1,2 1.2 1,4 7,1 10,6 
Sampl ing Criçul Alb/Fehér-Körös 
sites Cri? Brad Aciufa Alma; Ineu Ch-Cri? 
unit/dry weight 
Total Fe g/kg 23;53 36,37 27,29 9,69 19,61 8,44 
Total Mn mg/kg 439,05 1995,40 1768,50 224,60 678,20 337,10 
Kjeldahl-N g/kg 2,720 2,850 2,690 0,130 3,550 0,290 
Total P g/kg 0,480 1,050 0,720 0,300 0,600 0,190 
Total Cd mg/kg 0,0 7,4 2,4 0,0 4,8 0,7 
Total Ni mg/kg 44,9 52,8 28,8 10,3 24,9 8,4 
Total Zn mg/kg 89,3 1139,2 307,0 42,4 328,1 59,5 
Total Pb mg/kg 25,3 79,9 63,0 13,5 116,1 28,0 
Total Cr mg/kg 17,3 38,2 22,9 4,5 13,5 7,2 
Total Cu mg/kg 41,1 377,9 126,2 6,0 117,2 23,4 
Rivers Cri?ul Negru/Fekete -Körös (ettós-K i á r m a s - K 
Sampl ing sites Poiana Çtei Borz Tinea Zerínd Sarkad Békés mouth 
unit/dry weight 
Total Fe g/kg 12,65 9,60 8,94 24,65 17,02 18,92 24,74 19,20 
Total Mn mg/kg 411,40 285,20 236,20 519,10 675,30 616,10 802,80 617,10 
Kjeldahl-N g/kg 1,700 0,710 0,210 0,630 0,540 1,250 1,570 0,990 
Total P g/kg 0,360 0,210 0,300 0,390 0,360 0,480 0,650 0,630 
Total Cd mg/kg 0,5 0,4 0,0 1,6 0,7 0,5 0,9 0,5 
Total Ni mg/kg 15,2 10,6 10,4 29,6 20,5 19,3 30,0 24,8 
Total Zn mg/kg 69,8 37,8 23,4 242,6 107,2 75,8 137,0 116,4 
Total Pb mg/kg 35,0 21,0 8,8 58,7 35,6 98,2 43,0 29,8 
Total Cr mg/kg 11,5 6,9 5,5 16,8 12,7 13,7 24,5 23,5 
Total Cu mg/kg 27,0 12,5 5,3 50,3 26,0 24,6 50,9 27,9 
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Çaula Bologa Ciucea Vadu Cris. Fughiu Che re s ig Szeghalom Szeghalom 
unit/dry weight 
Total F e 9 * 9 15,1 21 ,6 17,1 16 ,8 25 19.7 19.6 17.6 26 ,9 29.2 
Total Mn mg/kg 397 587 566 541 540 506 831 4 6 6 1020 1180 
Total Ni mgflcg 7 ,2 15,9 28 11.7 20.2 14.1 17,2 15,1 32,1 36 .8 
Total Zn mg/kg 41 86 68 46 120 72 6 0 81 177 141 
Total P b mg/kg 6 .9 12,5 13.3 7 ,8 16,2 14.7 11,1 21.9 62 .6 22.9 
Total Cr mg/kg 6 .6 10,1 13,6 8 .2 9,7 8,7 9 ,9 24 5 5 21 
Total Cu mg/kg 8,1 15,2 16,3 10,2 19,5 13,3 16,3 17,8 31 37 
Hygienic bacteriological study of the Hungarian section 
of the Körös river system 
Zsófia Fodré & Lévai Istvánné 
Introduction 
People who are physically and mentally tired often go out in nature to relax, rest and 
refresh themselves. For people living on the Great Plain, natural waters and their environs 
are favourite holiday resorts as they are cheap and have easy access. There, blue rivers and 
the green setting make them relax and the peace and tranquillity make them comfortable. 
The pleasant environment, however, may represent dangers too. Namely, our surface 
waters directly influence the health of bathers, swimmers and sportsmen pursuing water 
sports. 
Bathing in surface waters is often followed by symptoms such as rash, reddening of 
the skin, itching of the ear, nose, eye and mouth, swelling and inflammation. Sickness, 
vomiting, diarrhea, abdominal spasms and even more serious symptoms may also disturb 
the holiday-maker, depending on the extent of the pollution of the water. Concerning the 
protection of human health, it is very important not to have any health hazard at the holiday 
resorts. However, tourists at places where any health hazard is present must be informed 
about them. Because of the dangers mentioned above, we must know the hygienic 
bacteriological quality of our waters in order to protect human health. Bacteria, viruses, 
worm eggs, algae etc. in waters may cause allergy, purulent rashes, enteral diseases, 
inflammation of the skin, nose, eye, ear and mouth. 
Materials and methods 
The hygienic bacteriological study of the condition of surface waters, which is very 
important regarding human health, was started in the 1950s, all over the country, by the 
Department of Water Hygiene of the National Public Health Institute (OKI). In the 1960s 
and 70s the spectrum of the studies of surface waters was widened, processing the data, 
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sampling and sampling locations were standardised and a standard evaluation of laboratory 
results was worked out. (3,4) 
Since the mid-1970s the County Public Health Stations have done the samplings all 
over the country, according to the Methodological Guide of OKI. Laboratories send their 
results to OKI, where they are arranged, and for some years they have been annually 
published in Egészségtudomány (Health Science) (5,6,7). 
The hygienic bacteriological evaluation of surface waters is based on the delectability 
and quantity of bacteria indicating pollution and infection with respect to human health. 
Waters in Classes I (clean) and II (slightly polluted) are suitable for bathing, doing 
water sports, relaxation and vacationing; while in water in Classes III (polluted) and IV 
(heavily polluted) bathing is dangerous because it may be harmful to human health. The 
more polluted the water is, the higher the health hazard of the people bathing in it. 
Classification, to evaluate surface waters with respect to public health, is based on the 
bacteriological component providing the worst value. Classification is based on the figures 
shown in Table 1. according to the components listed. In 1993, it was not part of the 
examinations to determine the Clostridium number. 
Processing, evaluation and qualification of the samples were done according to the 
standards and regulations in force. (3,4) 
In our present review we analyse the results of the 1991, '92 and '93 examinations 
conducted by the laboratories of the County Public Health Stations on the Hármas-Körös 
River and its tributaries. Data were collected from Egészségtudomány, where the 
arithmetic mean value of samples taken (usually every two months) and the annual peak 
value are given. (5,6,7) 
The sampling site of the Hármas-Körös River in Csongrád County is at Magyartés. 
The water samples taken there are analysed in detail. 
Table 1 Hygienic classification of the surface waters 








Coliform- number il ml <10 10.1-100 ' 100.1-1000 >1000 
Faecal coliform -number i/ml <1 1.1-10 10.1-100 >100 
Kaecal streptococcus -number i/ml <1 1 1 - 5 5.1-50 >50 
Clostridium - number i/ml <10 11-50 >50 >50 
Salmonella /1 negative positive* positive • • positive * • 
* frequency of the positive samples no more than 33% vs. total samples 
* * frequency of Uie positive samples more than 33% vs. total samples 
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The water quality of the Körös Rivers and the Berettyó River 
From the waters of the Körös Rivers (the Fehér-, the Fekete- and the Sebes-Körös) and 
the Berettyó River samples for bacteriological processing were taken at 17 sites in 1991 
and 1992, and at 7 sites in 1993. 
The quality of surface waters varied considerably from site to site, which can be seen 
in Table 2. The analysis according to the bacteriological components is the following: 
Based on the delectability of bacteria belonging to the Salmonella group, which is the 
most dangerous to human health, water quality was "clean" (Class I) at Gyula, Sarkad and 
Gyomaendrod each year. It was "slightly polluted" (Class II) at Pocsaj in T991 and 1993, 
at Berettyóújfalu in 1991 and at Kunszentmárton in 1992. It was "polluted" (Class III) at 
Pocsaj in 1992, at Berettyóújfalu in 1991 and in 1993, and at Kunszentmárton in 1991 and 
1993. It was not "heavily polluted" (Class IV) anywhere. 
Coliform bacteria, which indicate pollution, were abundant. Therefore, water quality 
was not "clean" (Class I) at any sampling sites, in any year. Half of the examination units 
in the table could be classified as "slightly polluted" (Class II), 5 instances (Sarkad 1993, 
Pocsaj 1991, 1992,1993 and Gyomaendrod 1993) of"polluted" (Class III), and as "heavily 
polluted" (Class IV) at Berettyóújfalu each year and at Kunszentmárton in 1993. 
Because of the Faecal coliform number and the Faecal streptococcus number 
indicating faecal pollution, water quality was "clean" or "slightly polluted" (Classes I and 
II) in 20 instances, while it was "polluted" (Class III) in 15 instances and "heavily polluted" 
at Berettyóújfalu in 1991. 
Tabic 2. Bacteriological results of the Rivers Koros and Berettyó in 1991-1992 




Salmonella pos. samples/ 
total samples 1000 ml 
Fehér-Körös 
Gyula 
1991 1992 ¡993 1991 1992 1993 1991 1992 1993 1991 1992 1993 
99 18 46 6,1 4.5 6,1 22.1 1.6 3.7 1/6 0/5 1/26 
Fekete-Körös 




204 240 230 47,9 9.4 25 7,1 2_ JA 2/6 4/6 1/5 





23.3 II 113 2.9 0.7 14 2.5 J A 4 1/6 0/4 1/25 
1Í.J J 0,5 1598 2,7 3,5 A 4 i.2_ 0.5 0.4 4/6 0/5 3/6 
see text 
I Class II Class III Class IV Class 
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Based on the presence of 4 bacterium groups, which were examined from the 
viewpoint of human health and considering the worst result in each river, the qualification 
at different sites is the following: 
The Fehér-Körös at Gyula was "clean" and "slightly polluted" in 1992 and in 1993, 
while it was "polluted" in 1991 because of the number of Faecal streptococcus. 
The Fekete-Körös at Sarkad was "polluted" each year (in 1991 because of the Faecal 
streptococcus number, in 1992 because of the Faecal coliform number and in 1993 because 
of the Coliform, the Faecal coliform and the Faecal streptococcus number). 
The Berettyó at Pocsaj was "polluted" in each year and at Berettyóújfalu it was 
"heavily polluted" 
The Hármas-Körös at Gyomaendrod was "clean" and "slightly polluted" in 1991 and 
in 1992, and "polluted" in 1993 (because of the high number of Coliform and Faecal 
coliform bacteria). At Kunszentmárton it was "polluted" in 1991 because of the positive 
samples of Salmonella. It was "slightly polluted" in 1992 and "heavily polluted" in 1993 
because of the Coliform number. 
Water quality of the Hármas-Körös River at Magyartés 
We have paid considerable attention to the bacteriological quality of the surface 
waters in Csongrád County since the 1970s (8,9,10,11,12,13,14,15). According to the 
standard coming into force in 1993, (16) classification of surface waters is changed. Thus, 
we have summed up and analysed Csongrád County's surface-water quality in the 6 years 
before the new classification came into force (1988-1993). (17,18) 
During the 6 years the bacteriological results of a total of 68 samples taken at 
Magyartés were evaluated. In the period examined the Coliform number varied 
considerably. 23 % of the samples were higher than the hygienic limit, which can be read 
in Figure 1. (Hygienic limit: 100/ml) 
40 % of the samples did not meet the requirements because of the Coliform number, 
19 % because of the Faecal streptococcus number (Hygienic limit: 10 and 5/ml) 
In the period examined the samples taken show a decrease in the number of Faecal 
coliform, and an increase in the number of Faecal streptococcus. 
Salmonella was found in 20 samples (30%). Because of the data mentioned above, 
water quality was not "clean" (Class I) in any of the samples taken at Magyartés: 35% of 
the samples were "slightly polluted" (Class II), 60 % "polluted" (Class III) and 4% 
"heavily polluted" (Class IV). 
As far as human health is concerned, only "clean" and "slightly polluted" (Classes I 
and II) natural surface waters are suitable for bathing, water sports, relaxation and 
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vacationing. Preserving the purity of these waters and reducing further pollution are very 
important. By collecting and purifying sewage we could improve the quality of surface 
waters and make it more suitable for those seeking relaxation and refreshment. 
Determining the quality of surface waters according to bacteriological data is just one 
part of analysis. It goes without saying that the evaluation of chemical, biological,-
ecotoxicological etc. data are also very important in the judgement of water quality. The 
greater the number of components of water quality and the more sophisticated the system 
of qualifying it, the safer the evaluation of water quality (19). The new standard (16) and 
the joint examinations by the Advisory Board for Environmental Protection and the County 
Public Health Stations in 1994 hopefully will help to provide an objective ecological 
evaluation of the water resources. 
Summary 
The authors examined the hygienic quality of the surface waters. 
The hygienic bacteriological evaluation of surface waters is based on the delectability 
and quantity of bacteria indicating pollution and infection with respect to human health. 
The authors describe the history of these examinations from the time they came into force 
to the present day. Published in Egészségtudomány, the examinations conducted at 
sampling sites selected according to uniform criteria, and the subsequent collection, 
processing and evaluation, allow us to check water quality of different rivers in Hungary . 
The authors show the bacteriological results of water samples taken by the laboratories of 
the County Public Health Stations from the Körös Rivers and the Berettyó River through a 
period of 3 years (1991—1993). They analyse the pollution of the waters from a 
bacteriological perspective. They also publish water quality data for the Fehér-, Fekete-, 
and Hármas-Körös Rivers as well as the Berettyó River. 6 years of data was analysed from 
the Csongrád County sampling site. 
As far as human health is concerned, only "clean" and "slightly polluted" waters can 
be used for bathing and water sports. 
Attention is drawn to improving the quality of surface waters. 
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Data on the knowledge of Peridinium palatinum 
Lauterborn (Dinophyta) in Körös area (SE, Hungary) 
István Grigorszky, Judit Padisák, Gábor Borics & Gábor Vasas 
Abstract 
Peridinium palatinum belongs to the group of algal species of which we have only a 
few taxonomical and ecological data, although in some running and standing waters of 
Hungary it can be found in large numbers. 
The aim of our study, accomplished from 1990 to 1996, was revealing the occurrence 
of this species. Our results suggest that the occurrence of P. palatinum has been influenced 
by two factors: water temperature and the organic matter concentration of water. 
Comparing eleven types of waters in which it either appeared or not, it could be established 
that P. palatinum occurs in waters that exceed a relatively high level of organic matter 
concentration. Concerning water temperature P. palatinum is a typically winter early 
spring organism, because the temperature are important in the excystment and the 
developing of vegetative cells. Consequently, its occurrence can well indicate relatively 
high concentrations of organic nutrients during the winter season in Hungarian freshwaters. 
Keywords: Peridinium palatinum, oxbow, excystment. 
Introduction 
Seasonal phytoplankton succession has been the focus of thousands freshwater and 
marine studies, but few studies have examined the background planktonic algal appearance 
in winter season (Hobbie 1973; Klaff et al. 1975; Lewis 1974, Maeda & Ichimura 1973, 
Reynolds et al. 1983, Saija & Sakamoto 1964, Trimbee & Harris 1984, Wetzel 1966, 
Willen 1961). 
Although cells of P. palatinum are relative conspicuous and readily recognisable 
among the dinoflagellate, the biology of P. palatinum has not been intensively studied to 
date. Mainly the investigations concentrate on the morphological features and tried to find 
it in different waters without to focus on the environmental and biological background of 
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Fig. 1. Sketch map of sampling sites. I. Siratoi-Holt-Koros, 2. Felhalmi-Holt-Koros, 3. 
Szarvasi-Holt-Koros, 4. Szarvasi-Holt-K.or6s, 5. Torzsdsi-Holt-Koros, 6. Endrod-
Kozepso-Holt-KOros, 7. Folyaseri-Holt-Koros, 8. Nemetzugi-Holt-Koros, 9. Fiizfaszugi-
Holt-K6ros, 10. Templomzugi-Holt-K6ros, 11. Kecskeszugi-Holt-KorOs 
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Fig. 2. The individuum number of P. palalinum in ls'-6lh studied oxbows 
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its appearance (Huitfeld-Kaas 1900, Lemmermann 1900, West 1909, Lindemann 
1919,1928, Lefevre 1932, Popovsky & Pfiester 1990). These books and papers mentioned, 
that the P. palatinum can be sampled in the cooler region is Europe and in cooler season in 
other countries. There is no publication on the regularities of appearance of P. palatinum, 
although it can be found regularly in very large numbers in some running and standing 
waters of Hungary and in some Central-European countries (Austria, Slovakia, Rumania 
and). 
Experimental studies using laboratory cultures have attempted to model the indication 
and the importance of different dinoflagellate species (Eppley et al. 1968, Stoch 1973, 
Pfiester 1975, Kamykowski & Zentara, 1977; Heaney & Furnass 1980, Sako et al. 1985,). 
We used the culture to determine the importance of temperature of excystment with 
reference to the appearance in the observed oxbows. Activation of cyst by cold treatment 
is known in Peridinium cinctum, Peridiniopsis cunningtonii and Woloszynskia 
pseudopalustre and Woloszynskia apiculata culture. In the present study, we used this 
dark-cold method to observe the P palatinum cysts and determine the optimum conditions 
for excystment. 
The present paper describes some experiments with cultures, and field samples of the 
P. palatinum to describe the main factors which can influence its occurrence. 
Study sites, material and method 
Changes in the annual population densities of the P. palatinum in eleven adjacent 
Hungarian oxbows are summarised over the 6 year period of 1990-1996 (Fig. 2). The 
samples were taken twice per month at same days between December and February 
1990-1996 where the appearance of P. palatinum was to be expected. The studied oxbows 
are situated in of the Körös area near the Hármas-Körös river and Kettős-Körös river (SE, 
Hungary) (Fig.l). The sampling was done in near the deepest part in the oxbows. Water 
samples used for chemical analyses and algal counts were collected using a weighted 
plastic tube from the 0-5 m layer. A sub-sample was immediately fixed in the field with 
Lugol's iodine for subsequent algal counts by the Uterhmöhl inverted microscope 
technique. The microscopical investigation was performed with a Jenamed-2 microscope 
and an Axiovert-100 inverted microscope by using phase-contrast and Nomarski-contrast 
technology. The oxbows vary in size from 4 to 199 ha, in average depth from 1.5 to 2.5 m 
and in volume from 75.000 to 4,300.000 m3 (Table 1.) 
Excystment: After the dark-cold treated cyst were washed with distilled water, each 
of the fifty cysts were inoculated into a hole of microtest plate which contained enriched 
Carefoot's medium (Carefoot 1968). The plates were incubated under various conditions 
of temperature, from 4°C to I8°C for 10 days (Fig.3.). The percentage of excystment was 
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T e m p e r a t u r e 
Fig. 3. The results of excystment investigation 
determined by counting the number of cells excysted from each holes under the above 
mentioned inverted microscope. After their excystment they placed on different 
temperature, from 4°C to 18°C and the vegetative cell were counted after 7 days to 
determine, which could be the optimum temperature for the vegetative cells. The standard 
condition for the culture was 10,000 Ix and a 14:10 h light-dark cycle in an enriched 
Carefoot's medium. 
Different chemical components were measured in the waters (Table 3a., b.). The Table 
3a., b. show the average values of chemical components and their standard deviations. Six 
of the sampling places( 1 sl-6lh oxbows) received domestic waste from villages situated 
nearby them so that they were highly meso/eutrophic. Five other sampling places (7th-11th 
oxbows) did not get any mineral and organic nutrients by inflow. 
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Lengh (km) 4.» 9 39.2 29.2 29.2 11 
Average wxfch (n r ) 57 44 68 68 0.668 
Ana ( la) 28 J» 199 199 199 6 
Volume (m*) 280000 »70000 4300000 430001*1 180000 120000 
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length (km) 1.7 2 2 3 2 1.1 
Average width (m) 30 60 442 45 325 
Area (ha) 5 12 10 10 4 
Volume (m1) 75000 264000 200000 200000 110000 
Average deptlHni) 1.3 1 2 2 2.1 1.7 
Table I. The parameters of studied oxbows 
Tempera ture of living cell culture (°C) 
Excystment 
tempcrature(°C) 
4 6 8 10 12 14 16 18 20 
4 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 
8 0 0 22±3 19±3 30±3 12±2 3±0 0 0 
10 0 0 12±1 1&±2 13±I 3±0 3±0 0 0 
12 0 0 4±1 5±1 10±1 3±0 4±1 0 0 
14 0 0 4±0 5±0 10±1 3±1 4±1 0 0 
16 0 0 2±0 5±0 5±1 5±1 1±0 0 0 
18 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
Table 2. Excysted cell were incubated under various conditions of temperature, 
from 4°C to 20°C. 
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Results 
At six sample places (l!j-6'h oxbows) out of 11 the P. palatinum occurred each year 
but in 5 places (7th-! l'h oxbows) it could not be found. The Table 3a.,b. show the average 
concentration of chemical components. Based on water chemistry the 11 oxbows can be 
separated into 2 distinct groups (Table 3a., b.). ls'-6lh sampling places were meso/eutrophic 
characterized by little higher TP, ion level and organic matter concentration (Table 3a., b.) 
7 lh-ll lh sampling places exhibited similarly lower levels of TP and organic matter 
concentration were therefore comparably oligo/mesotrophic (Table 3a., b.). 
In Isl-6lh sample places: The individuum number of P. palatinum ranged from 0 to 
55200 ind./ml (Fig. 2.). The pattern of change in densities of P. palatinum varied widely 
among the 5 years. The growth curves of this species varied considerably among the lst-6Ih 
oxbows (Fig. 2.). The patterns of individuum numbers can be divided into two types. On 
the one hand the first type (i) consisting of an increasing part, a first bloom, a minimum, a 
second bloom, and a general decrease (1990-91,1991 -1992,1992-93,) of growth curve. On 
the other hand the second type (ii) showed a slowly increasing part, a bloom and general 
decreasing part in 1993-94, 1994-95, 1995-1996 (Fig 2.). In 1990-1991 season the first 
bloom was smaller (5.700 ind./L) than the second one (12.000 ind./L), contrary in 
1991-1992 and 1992-1993 season the first bloom were higher (15.000 ind./L., 18.500 
ind./L) than the second (3.100 ind./L, 2.200 ind./L.) 
The maximum individuum number (55.000 ind./L.) was found in 04. 02. 1993. The 
longest appearance, during eleven weeks was in 1995-1996,. In the other years the P. 
palatinum can be found in the observed waters during 7 or 8 weeks. 
Excystment process: The cyst starts to grow when the temperature was minimum 8°C 
(Fig. 3.) in the culture. Under this temperature the excystment was not observed (Fig. 3.). 
The maximum excystment was at 8 °C (32 cells from 50) (Fig. 3.). The excysted cell 
number decreased by the increasing of the temperature (Fig. 3.). The maximum 
temperature that makes the excystment possible is at 16 °C - 3 cells excysted from fifty -, 
show by the culturing results (Fig. 3.). 
Vegetative cells in culture: The microtest plates were incubated under various 
conditions of temperature, from 4°C to 20°C for 10 days. After their excystment the 
excysted cells were put under different temperature, from 4 °C to 20 °C and the vegetative 
cell were counted after 7 days. Fewer than 8°C and above 16 °C living of the vegetative 
cells was not observed in the culture. (Table 2.). Each temperature the vegetative cell 
number was lower then the excysted cell number at the given temperature. (Fig. 3. and 
Table. 2.). For example the excysted cell number was 32 at 8°C and the vegetative cell 
number was 22 at this temperature. The maximum cell number (30 cells) found in case of 
then the cyst were excysted at 8 °C and they put at 12 °C. At 14°C and 16 °C the vegetative 
cell number were extremely low (they varied from 1 to 5), except when the cells excysted 
at 8 °C (12 cells). 
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Table 3.a„ b. Chemical parameters of studied oxbows 
Chemical components: l51^"1 sampled oxbows differed from 7^-11th sampled oxbows 
mainly in dissolved CODm„ and CODCr. In all the sample places of R'-6Ih where P. 
palatinum could be found the dissolved CODM„, was above 8.7 mg/L the lowest mean value 
was 13.9 mg/L, and dissolved CODCr was above 16.2 mg/L and the lowest mean value was 
26.2 (Tables 3a.). In waters where P. palatinum did not occur even the highest values of 
dissolved CODM„ hardly reached 6.3 mg/L., the highest mean value was 5.3 and the 
dissolved C O D M n did not exceed the minimum values of waters where P. palatinum could 




According to the literature, (Huitfeld-Kaas 1900, Lemmermann 1900, West 1909, 
Lindemann 1919,1928, Lefevre 1932, Popovsky & Pfiester 1990,) the only thing known 
about this species that it can be found in cool water and this species is cosmopolitan in the 
cooler region in Europe. Exactly the background and limits of P. palatinum occurrence are 
not known. 
The result of this culturing and field study suggests that decrease of water temperature 
is sufficient for P. palatinum to occur. It can also be stated that, during the six year study 
period, in the water bodies the species occurred we could find it year by year. This 
phenomenon enables us to suppose that the occasional occurrence is not typical of this 
species since the absence of P. palatinum in some waters could not result from any mistakes 
in sampling. 
Two thermal optima may exist for P. palatinum, one is 8 °C for excystment and second 
is 12 °C for the vegetative cells. By the culturing investigations it seems to be that the P. 
palatinum can grow under a relatively wide range of temperatures from 8°C to 16 °C, but 
the cells are absolutely sensitive for the low temperature, under 8 °C and sensitive for the 
increasing of the temperature. At the "higher" temperature (14 °C) the vegetative cell 
number are extremely low. 
We can state that the occurrence of this species is influenced by the water temperature 
but by some other factor as well which make their occurrence possible. In the coursc of our 
study we compared the water bodies where P. palatinum occurred to those where it was 
absent. There were two types of oxbows: in the first type P. palatinum can be found (l"-6 lh 
oxbows) and in the second it does not occur (7th-1 l 'h). 
One of the most difficult aspects of interpreting population development in the studied 
oxbows, is that chemical constituents of the water were generally similar the each other in 
the given year. The only exception was the organic material concentration measured by 
dissolved CODM,. and CODo. Although the organic matter availability is usually not 
considered a limitation to dinoflagellate growth, but all modes of nutrition have been 
documented in dinoflagellates: autotrophy, hcterotrophy, saprotrophy, predation and 
parasitism (Elbrachter 1991, Schnepf & Elbrachter 1992). The field study investigations 
have been suggested that the organic matter requirement for normal growth may be 
important and essential for P. palatinum. The presence or absence of large P. palatinum 
populations can result in marked differences in dissolved COD concentration. Comparing 
the two types of waters in which it appeared or not it could be established that P. palatinum 
occurred in those where the organic matter concentration exceeded a relatively high level. 
P. palatinum consumes an organic material using it for assimilation and/or energy 
generating processes. 
Our results suggest that the occurrence of P. palatinum has been influenced by two 
very important factors: water temperature and organic matter concentration of water. 
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Consequently its occurrence has been bound to waters relatively rich in organic nutrients, 
and can indicate well relatively high concentrations of organic matter in waters during the 
winter season. Our opinion, fundamental to an understanding of the ecology of 
dinoflagellates during such events is a consideration of the excystment process, developing 
vegetative cells and connect it with field investigations to understand which can be a 
background of their appearance. In this study we tried to apply the and use to find some 
environmental factors which can be help to understand the appearance of a hardly known, 
but common freshwater dinoflagellate, Peridinium palatinum. 
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The ecological condition of the Cri$/K6rds' catchment area 
on the basis of planktonic fauna 
Katalin Zsuga 
Abstract 
In this paper a summary is given of the results of zooplankton research on the 
Cri$/K.6r6s catchment area in 1994-1995. In this period 103 Rotatoria, and 15 Cladocera 
taxa were recorded all together. The Copepoda fauna was characterized by occurrence of 
juvenile forms. Different sections in the watercourses could be separated on the basis of 
composition of the planktonic fauna. The human effects (damming-up, reservoirs, 
pollution, technical interventions) change the ecological state, increases the degree of 
trophity and saprobity, and decreases the diversity. On the basis of the zooplankton 
community the protection of Cri$/K6r6s catchment area is justified. 
Key words: Cri$/K6ros catchment area. Rotatoria, Cladocera, Copepoda, 
zooplankton abundance, diversity, ecological condition. 
Introduction 
A detailed survey of the Körös/Cri$ catchment area was conducted in July-August 
1994-1995. I performed the determination of the zooplankton from the biological 
examinations, and investigated the groups of Rotatoria, Cladocera and Copepoda from the 
zooplankton elements in detail. In the course of the investigation of samples I addressed the 
following main questions: 
- What sort of qualitative and quantitative changes characterize the zooplankton of the 
Criç/Kôrôs catchment area? 
- What sort of species describe the rivers in the given period? 
- What sort of riparian categories are found along the longitudinal section? Are they 
separable, and if so, what kinds of reaches are they? 
- How can we describe the water quality of the rivers by the composition of the planktonic 
fauna during the period of examinations? 
1 The first name is Romanian, and the second Hungarian. 
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At the present time very few data are known about planktonic fauna of the Körös/ Cri§ 
catchment area. In Romania Rudescu (I960), Damian-Georgescu (1963, 1970), and 
Negrea (1983) refer to planktonic faunal, taxonomic research which mainly refers to the 
Danube, to the delta of the Danube, to the sea, to the high mountains, etc. I did not find any 
Romanian literature referring to the Cri$ catchment area. In Hungary, Megyeri (1972) 
examined the zooplankton of Hármas-Körös. Along the whole Hungarian section of the 
Körös water-system the Rotatoria and Entomostraca fauna were studied by Zsuga, Nagy 
(1989, 1991). Gulyás at al. published results about planktonic fauna of Körös catchment 
area (Gulyás, Bancsi, Zsuga 1995). In the Hungarian reaches there were mainly 
microvcgetation investigations. The earliest data were published by Dómján (1942) who 
examined the water fungi, and by Szalai (1942) who writes about the pseudophytoplankton 
of Körös. Kol (1954) performed studies of algae from the rice-field. Uherkovich (1963, 
1964) investigated the potamophytoplankton and saprobiological conditions of the River 
Körös. Kiss examined the algal vegetation of the alkali waters of this region (1959,1959/a, 
1970). The phytoplankton of Körös backwaters was described by Vasas (1980, 1980/a, 
1986). Data were published about limnology of two backwaters by Varga (1931). 
Grigorszky et al. performed examinations about Dinoflagellates (Grigorszky, Vasas, 
Mészáros, Sümegi 1993, Grigorszky, Vasas, Borics 1995, Grigorszky, Borics, Fodor 
1996). The macrovegetation of this area were investigated by Borbás (1881), Kiss (1968), 
Koren (1883), and Máthé (1936). 
Material and methods 
The samples were taken in August of 1994 and 1995. I investigated the zooplankton 
composition of the catchment area altogether in 29 sampling sites. I performed detailed 
qualitative and quantitative examinations of the Rotatoria, Cladocera and Copepoda fauna 
from the zooplankton groups. For the investigations 50-100 liters water was collected with 
a plankton net made from silk, mesh-sized 45 (im. The filtered samples were conserved on 
site by using 40 % formaldehide solution to reach 4 % final concentration. The quantity of 
zooplankton was counted by using a plexi-box sized 80 x 35 x 6 mm and cubby-hole 
numbered with a graticule of 5 x 5 mm. For the preparation of Rotatoria mastax I used 
hypochlorid (NaOCI) solution. Animals were determined using the identification keys by 
Bancsi (1986, 1988), Damian-Georgescu (1963, 1970), Dévai (1977), Donner (1965), 




The Cri§ul Alb/Fehér-Körös and Cri§ul Negru/Fekete-Körös are characterized with 
little abundance (Fig. 1.) and number of species (Fig. 2.) at the riverhead; the diversity (Fig. 
3.) is also low. Only those well adapted species which can tolerate the fast water velocity 
are found. At the further reaches the fauna changes, the number of species rises, and the 
planktonic, metaphytic as well as benthic organisms are found. At the sections before the 
confluence of the two rivers the species composition indicates an increase of trophity, some 
organisms indicate a moderately polluted limnosaprobic state (Cephalodella forficula, 
Lophocharis salpina, Rotaria spp.). The mctaphytic elements are most proportional in the 
Crijul Alb/Fehér-Körös at Gyulavári, while the percentage of these species is few in the 
Cri§ul Negru/Fekete-Körös and the planktonic organisms dominate. An euplanktonic 
species (Polyarthra dolichoptera) is determinant (66 %). Although the number of species is 
nearly equal in the two rivers, the diversity and proportions differ from each other. 
KETTÖS-KÖRÖS 0 
FEHÉR-KÖRÖS/CRI$UL ALB FEKETE-KÖRÖS / CRI^UL NEGRU HÁRMAS-KÖRÖS 
Fig. 1. Rotatoria abundance in the Cri§/Körös watercourses (i/100 1) 
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KETTÖS-KORÖS 0 
FEHÉR-KÖRÖS / CRI£UL ALB FEKETE-KÖRÖS I CRI§UL NEGRU HÁRMAS-KÖRÖS 
Fig. 2. Number of Rotatoria species in the Cri j/Körös watercourses 
In the Kettős-Körös a high quantity of Rotatoria plankton is found (Tab. 1.), but the 
number of species is little (Fig. 2.). The diversity and evenness are low (Fig. 3.), thus 
indicating an eutrophic state. Two planktonic species are in large number Polyarthra 
dolichoptera (55,6 %) and Trichocerca pusilla (25 %), while the proportion of the other 
organisms is lower. The Rotatoria plankton composition of the river is considerably 
determined by the damming-up of the flow. 
In the Hármas-Körös little abundance and small number of species are found (Tab. 1.). 
Previous examinations also show these results (Zsuga, Nagy 1989, 1991, Gulyás, Bancsi, 
Zsuga 1995). 
In the catchment area of Crijul/Sebes-Körös Repede the Drágan/Dregán, Iad/Jád, and 
Barcáu/Berettyó were also examined. 
In the Stream Drágán only few Rotatoria organisms were found (Fig. 4.) as a result of 
the fast water velocity. The abundance and species number (Fig. 5.) are also few in the 
Stream lad. In this stream was found a rare Rotatoria organism (Cephalodella theodora), 
which was described earlier only from a Central-German pond in Europe (Koste 1978). 
Additional data about its other presence have not yet been compiled. Standing waters are 
determined as its habitat by Ilies (1978) in the Limnofauna Europea, evidently on the basis 
of mentioned description. In contrast with this, during examinations it was found not only 
in the lad, but in the Cri§ul Repede/Sebes-Körös, too. Our knowledge about its ecology is 
deficient, but presumably it can adapt to the fast water velocity and occurs not only in 













Fig. 3. Diversity and evenness in the Cri$/K.8rtis watercourses 
A mixed composition characterizes the Rotatoria fauna at the upper reach of Crijul 
Repede/Sebes-Koros. There are found well adaptable, cosmopolitan organisms. From 
§aula to Stana de Vale the abundance, the number of species and diversity decrease (Fig. 
4-6.). At sampling sites Ale§d and Fughiu the quantity of Rotatoria is very similar (Tab. 2.), 
but the species composition totally differs. At Alejd the high rate of organic detritus 
feeders, Rotaria spp. (41,2 %), indicates a richness in organic nutrients and polluted water 
quality. At Fughiu the euplanktonic elements dominate, the Synchaeta pectinata and 
Polyarthra dolichoptera occurring in the largest proportion (49,4 % and 34,2 % 
respectively). The decrease of diversity (Fig. 6.) also indicates a qualitative change, which 
ensues by the effect of Tilcagd Reservoir. Considering the whole catchment area the 
highest abundance and the most number of species were found at Cheresig (Fig. 4-5.). At 
this sampling site the diversity was also high (Fig 6.). The planktonic elements dominate 
and more species indicate the rise of trophity (Brachionus angularis, Filinia longiseta, 
Trichocerca pusilla) and saprobity (Rotaria spp.). The causes of these considerable 
quantitative and qualitative change are the effects of Tileagd Reservoir, pollution from 
Oradea, the slowing down of water movement and an increase of water temperature. From 
Cheresig to Szeghalom the abundance and number of species decrease (Fig. 4-5.). In this 
section were found two species (Brachionus bidentata, Sinantherina procera), which are 
more frequent in warmer waters (in tropical, subtropical area) according to the special 
literature (Bancsi 1988, Koste 1978). 
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SEBES-KOROS / CRI^UL REPEDE BERETTYÓ / BARC&J 
Fig. 4. Rotatoria abundance in the Crijul Repedc/Scbes-Körös 
and its tributaries (i/100 I) 
C R I ? U L R E P E D E / S E B E S - K O R O S B E R E T T Y Ó / BARCAU 
Fig. 5. Number of Rotatoria species in the Cri$ul Repede/Sebes-Koros 
and its tributaries 
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The Rotatoria fauna of BarcSu/Berettyo was exanimated at three sampling sites. At the 
upper reach (Boghi?) the abundance is little (Fig. 4.), but the species composition is the 
most diverse (Fig. 6.). In the region ofSintimreu the abundance is similar to the upper reach 
(Tab. 2.), but the number of species and diversity is lower (Fig. 5 and 6.) and the planktonic 
elements become dominant (Brachionus angularis). Before the mouth, at Szcghalom an 
eutrophic state is characteristic with high abundance and very diverse (planktonic, 
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Fig. 6. Diversity and evenness in the Cri?ul Repede/Sebes-Koros and its tributaries 
Crustacea fauna 
The abundance and number of species of Cladocera were few in the entire catchment 
area (Fig. 7-8.). The abundance was relatively larger only in the Kettős-Körös, in the Cri§ul 
Repede/Sebes-Körös at Fughiu, and in the Barcáu/Berettyó at Szeghalom. The larger 
number of the found species are well adaptable, cosmopolitan organisms (Bosmina 
longirostris, Chydorus sphaericus), and the metaphytic elements (Alona spp., Graptoleberis 
testudinaria Pleuroxus aduncus, Simocephalus vetulus) indicate eutrophic water quality. 
The Copepoda abundance usually was larger than Cladocera, and dominated the 
juvenile nauplius and copcpodit forms. There is special attention to the very high Copepoda 
abundance in the Kettős-Körös (Fig. 7.). As an effect of damming-up (at Békés) the 
quantity of nauplii rises considerably. 
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KETTÖS-KÖRÖS ° 
FEHÉR-KÖRÖS / CRI$UL ALB FEKETE-KÖRÖS / CRI^Ul NEGRU HÁRMAS-KÖRÖS 
Fig. 7. Crustacea abundance in the Crij/Körös watercourses (i/100 I) 
w 
SEBES-KÖRÖS I CRIJiUL REPEDE BERETTYÓ I BARC&J 
Fig. 8. Crustacea abundance in the Cri$ul Repede/Sebes-Körös 
and its tributaries (i/100 1) 
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Conclusions and Proposals 
O n the basis o f the quant i ta t ive and qual i ta t ive compos i t i on of Zooplank ton the 
fo l l owing sect ions in the wa te rcourses o f ca tchment area could be separa ted . 
- Quantitatively poor fauna, well adaptable, and wide range of tolerance organisms, fast 
velocity: Drägan, lad, upper stretch of Crijul Alb/Fehér-Körös (Cri$), Cri§ul 
Negru/Fekete-Körös (Poieni), Cri§ul Repede/Sebes-Körös (from $aula to i.d. defileu). 
- Little abundance, little number of species, medium diversity, slow-flowing: Cri§ul 
Alb/Fehér-Körös (Alma§), Cri§ul Negru/Fekete-Körös (Zerind), Hármas-Körös 
(Csongrád). 
- Quantitatively rich Zooplankton, slow-flowing, eutrophic state: Cri§ul 
Negru/Fekete-Körös (Gyula), Kettős-Körös (Békés), Cri§ul Repede/Sebes-Körös 
(Cheresig, Szeghalom), Barcáu/Berettyó (Szeghalom). 
- Qualitative rich fauna, medium abundance, high diversity, favourable water quality: 
Crijul Alb/Fehér-Körös (Aciuja, Ineu, Ch-Crij, Gyula), Crijul Negru/Fekete-Körös 
(Borz, Zerind), Barcáu/Berettyó (Boghi?). 
- Moderately, from time to time heavily polluted, rich in organic nutrients water quality: 
Cri§ul Alb/Fehér-Körös (Brad), Crijul Negru/Fekete-Körös (§tei), Cri§ul 
Repede/Sebes-Körös (Ale?d, Cheresig). 
In the course of examinations more species were found in the watercourses which are 
rare in the planktonic fauna of Europe (Ilies 1978). Their occurrence can be appreciated as 
new data considering their habitat and ecological claim is collected. Their abundance is 
usually small, but they are not threatened with extinction. 
Rare species 
Brachionus bidentata (Cri?ul Repede/Sebes-Körös - Cheresig, Szeghalom), 
Brachionus bidentata crassispineus (Cri§ul Repede/Sebes-Körös - Cheresig, Szeghalom), 
Brachionus diversicornis homoceros (Crijul Alb - Aciufa), Cephalodella limosa (Cri§ul 
Alb - Aciu(a, Ch-Crij), Cephalodella fluviatilis (Cri§ul Alb - Aciufa), Cephalodella 
theodora (Iad, Crijul Negru - Stei, Cri$ul Repede - Bologa, i.d. defileu, Alejd), Encentrum 
fluviatilis (Barcáu - Boghi§), Encentrum wiszniewski (Barcáu - Boghi§), Eosphora thoa 
(Barcáu - Boghi§), Hexarthra fennica (Crijul Alb - Aciu(a), Lecane stichaea (Iad), 
Pseudoharringia similis (Cri§ul Repede - §aula, Bologa), Sinantherina procera 
(Sebes-Körös - Szeghalom), Taphrocampa selenura (Cri$ul Alb - Aciuja, Inau, Ch-Crij, 
Cri§ul Negru - Borz, Zerind), Trichocerca insignis (Cri?ul Alb - Brad) 
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On the basis of the occurrence of rare organisms, the protection of Crij/KOros 
catchment area is justified. The elimination of pollution is needed, as is the reduction of 
technical interventions which change the water quality, transform, and make unofficial the 
various, diverse biocenosis. 
Summary 
On the basis of examinations it can be ascertained that the abundance and species 
number are little at the upper reach of streams and rivers. In the next sections there is 
characteristic a mixed zooplankton community, the planktonic, metaphytic as well those 
living on the surface of sediment organisms are found. Approaching the plain the 
euplanktonic elements become dominant. The effects of damming-up, reservoirs and 
pollution changes the water quality, increases the degree of trophity and saprobity, and 
some species indicate the rise of the inorganic nutrient and organic matter content of water 
and sediment. 
On the catchment area of Cri§/K8ros were found 103 Rotatoria taxon, from these were 
14 rare species. The Cladocera community was quantitatively and qualitatively poor, only 
15 Cladocera taxon occurred. The Copepoda fauna was characterized by occurrence of 
juvenile forms (nauplii and copepodits) in the course of examinations. 
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s a m p I i n 9 s i t e s : KETTŐS HARMAS 
CRI$UL ALB 1 FEHER-KÖRÖS CRIßUL NEGRU / FEKETE-KÖRÖS KÖRÖS KÖRÖS 
TAXA Cn? Brad Aciu(a Almas (neu Ch-Cr* Gyula Poieni ftei Borz Tinea Zennd Gyula Békés Csongrád 
ROTATORIA 
Asplanchna brighlwelh (Gosse) 32 10 
Brachion us angula ns Gosse 4 4 16 16 
Brach onus bennini (Leissling) 8 
Brachionus calyoftorus (Pallas) 16 4 
Brach calyc. amphiceros Ehrb. 16 
Br diversicornis homoceros Wiera. 16 
Brachionus rubens Ehrenberg 304 
Brachionus urceolaris O.FMüller 16 8 
Cephalodella biungulata Wullen 4 48 30 12 4 24 80 104 8 30 32 
Cephalodella catellina O F Müller 4 e 
Cephalodella exigua (Gosse) 8 
Cephalodella fluvtalilts Zawadowsky 8 
Cephalodella forfícula (Ehrb.) 4 8 16 8 8 10 
Cephalodella gibba (Ehrb ) 64 12 10 8 
Cephalodella giganlhea Remane 10 
Cephalodella limosa (Wulfert) 40 4 
Cephalodella slerea (Gosse) 16 
Cephalodella theodora Koch-Althaus 40 
Cephalodella venlnpes (Dixon-Nuttal) 8 10 
Cephalodella sp 8 
Colurella adnatica Ehrenberg 16 320 20 
Colurella coturus Ehrenberg 4 80 8 
Colurella uncinata 0 F Muller 4 64 10 16 80 
Dtcranophorus caudatus Ehrenberg 10 4 24 8 
Dicranophorvs grandis Ehrenberg 4 12 4 
Qieranophoms undnatus (Müne) 4 
Euchlanis dita tata Ehrenberg 4 8 10 30 560 24 20 64 20 
Filmia longiseta (Ehrenberg) 12 4 4 128 800 
Fürnia opoliensis Zacharias 8 
Hexarthra Intermedia Wiszniewski 480 
Hexarlhra tennica (Levanderj 8 
llura aurila Ehrenberg 8 
Itura sp 8 




s a m p 1 I n 9 S i t e s : KETTŐS HARMAS 
CRI5UL ALB 1 FEHÉR-KÖRÖS CRISUL NEGRU / FEKETE-KÖRÖS KÖRÖS KÖRÖS 
TAXA Cri? Brad Adula Alma? Ineu Ch-Crif Gyula Poieni ?te. Bore Tinea Zerind Gyula Bekes Csongrád 
Keratella cochl tecta (Gosse) 4 20 
Keralella quadrata ( O F Muller) e 8 
Lecane bulla Gosse 16 10 20 128 10 8 80 110 192 80 20 
Lecane closteroceca (Schmarda) 80 16 10 4 12 8 10 40 56 24 60 32 
Lecane hamata Stokes 16 12 8 8 80 
Lecane luna (O.F.Müller) 4 24 16 150 16 30 
Lecane lunaris (Ehrenberg) 8 4 4 40 8 10 16 10 
Lecane quadridentata (Ehrenberg) 8 
Lecane stenroosi (Meissner; 4 
Lepadella patella (O F Müller) 96 32 10 4 8 8 80 16 40 
Lepadella patella oblonga Ehrb 20 
Lophocharis oxsternon (Gosse) 10 2 
Lophocharis salpina (Ehrenberg) 8 
Monommata grandis Tessin 8 
Mytilina crassipes (Lucks) 4 
Myt ventralls macracanlha Gosse 8 32 
Platyias patulus (O F.Muller) 2 
Platyias quadncorms (Ehrenberg) 40 
Pleurotrocha petromyzon Ehrb 8 
Polyarthra dolichoptera (Idelson) 1808 4800 
Pompholyx sulcata Hudson 8 
Rotaria rotatoria (Pallas) 16 
Rotaría sp e 544 288 170 16 48 8 3480 168 24 60 64 30 
Scandium longicaudum (O.F Müller) 8 8 20 16 
Squatinetla rostrum (Schmarda) 4 
Synchaeta oblonga Ehrenberg 80 10 
Synchaeta pectinate Ehrenberg 80 
Taphrocampa selenura Gosse 8 8 4 32 10 
Testudinella patina (Hermann) 10 4 4 16 10 
Trichocerca birostris Minkiewicz 48 
Trichocerca elongata (Gosse) 4 8 16 
Trichocerca lernls (Gosse) 8 
Tnchocerca insignia (Herrick) 16 
Trichocerca pusilla (Lauterborn) 48 2160 10 
Trichocerca rattus (O.F.Müller) 68 48 8 16 40 
s a m p I I n f) s i l e s : KETTŐS 
KÖRÖS 
HÁRMAS 
KÖRÖS CRIJUL ALS / FEHÉR-KÖRÖS CRIJUL NEGRU 1 FEKETE-KÖRÖS 
T A X A Cris Brad Aciuta Alma; Ineu Ch-Crij Gyula Poieni ßtei Borz Tinca Zerind Gyula Bekes Csonqrád 
Trichocerca simills (Wierzeiski) 10 4 
Trichocerca tenuior (Gosse) 
Trichocerca sp. 4 32 80 
Trichotria curta (Skonkov) 144 40 
Trichotria tetractis paupera (Ehrt.) 40 
ToUI Rotatoria (1/100 I) 36 1176 792 320 188 192 292 40 4830 608 168 620 2708 8640 170 
CLADOCERA 
Alona costata Sars 4 
Alona elegans Kurz 16 
Alona rectángula Sars 20 
Bosmina longirostris (0 F Malier) 16 72 4 30 
Chydorus sphaencus (0 F Moller) 4 
Diaphanosoma mongollanum 32 20 
Graptólebens testudinana (Fischer) 10 
Moma micnjra Kurz 16 20 
Pleuroxus ad uncus (Jurine) 20 
Scapholebens kingi Sars 4 
luv Cladocera 8 
Total Cladocera (1/100 I) 16 0 72 0 4 0 20 0 0 0 0 0 64 110 10 
COPEPODA 
nauplius 12 24 10 4 8 168 40 10 40 64 90 608 48320 400 
copepodit 16 8 88 20 10 32 16 80 520 150 
ToUI Copepoda (1/100 I) 0 28 32 10 4 8 256 60 20 72 80 90 688 48840 550 
Total Zooplankton (1/100 I) 52 1204 896 330 204 200 568 100 4850 680 248 710 3460 57580 730 
-u 
oo 




T A X A 
ROTATORIA 
Anuraeopsis fissa (Gosse) 
Asplanchna pnodonta (Gosse) 
Brachionus angularis Gosse 
Brachionus bienlata Anderson 
Br bidentata crasstspineus Hauer 
Brachionus budapestinensis Daday 
Brachionus calyciltorus (Pallas) 
Brach calyc. amphicercs Ehrb 
Brach calyc anureiformis (Brehm) 
Br quadndentalus rhenanus Lauterb 
Br quadr brevispinus (Ehrb ) 
Br quadr cluniorbicularis (Skorikov) 
Brachionus urceolans C F Muller 
Cephalodella biungulata Wulfen 8 
Cephalodella forticula (Ehrb ) 
Cephalodella gibba (Ehrb) 
Ceph megalocephala (Glascott) 
Cephalodella sterea (Gosse) 
Cephalodella Iheodora Koch-Althaus 56 
Cephalodella ventripes (Dixon-Nuttal) 
Cephalodella sp 
Colurella adriatica Ehrenberg 2 4 
Colurella colurus Ehrenberg 
Colurella uncinata O.F Müller 4 
Dicranophorus caudatus Ehrenberg 
Dicranophorus grandis Ehrenberg 
Dicranophorus uncinalus (Mtlne) 
Encentrum felis ( 0 F Muller) 
Encentrum fluviatllls Wiifert 
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s a m p l i n g s i t e s 
CRIJUL REPEDE / SEBES-KÖRÖS 

















36 8 80 20 
12 80 
12 40 6 80 
80 
8 
16 12 80 
12 40 







T A X A 
Encentrum wiszniewski (Wulferl) 
Eosphora thoa Harring et Myers 
Euchlanis dilatata Ehrenberg 4 
Filinia longisela (Ehrenberg) 
Filinia terminal« Plate 
Keratella cochlearis (Gosse) 
Keratella cochl. tecta (Gosse) 
Lecane bulla o s s e 
Lecane closteroceca (Schmarda) 4 
Ler-ane fiexilis (Gosse) 
Lecane hamata Stokes 
Lecane luna ( 0 F.Müller) 
Lecane luna presumpta Ahlstrom 
Lecane lunaris (Ehrenberg) 2 
Lecane sbchaea Harring 4 
Lecane ohioensis (Herrick) 
Lecane stenroosi (Meissner) 
Lepadella patella (O F Müller) 4 
Mytilina compressa (Gosse) 
Myt yentralis macracantha G o s s e 
Philodina sp 2 
Platyias quadricornis (Ehrenberg) 
Polyarthra dolichoptera (Idelson) 
Polyarthra vulgaris Carlin 
Proales sigmoidea Skonkov 
Proales sp 
Pseudohamngia similis Fadeew 
Rotaría sp 8 100 
Scandium longicaudum (O F Müller) 
Sinantherina procera (Thorpe) 
Synchaeta oblonga Ehrenberg 4 























s a m p l i n g s i t e s 
CRIgUL REPEDE 1 SEBES-KÖRÖS 
Sania Ciucea Stana 
d e v a l e 
Id. 
deñleu 
Ale^d Fughiu Cheresig Szeg-
halom 
12 40 160 24 20 400 























T A X A 
Synchaeta pectinata Ehrenberg 
Testudinella patma (Hermann) 
Trichocerca birostris Minkiewicz 
Trichocerca pusilla (Lauterborn) 
Trichocerca tenuior (Gossel 
Trichocerca sp 
Tot i l Rotatoria (1/100 I) 18 188 
CLADOCERA 
Alona costata Sars 
Alona rectangula Sars 
Bosmina longirostris (O.F.Müller) 16 
Cenodaphnia puIchella Sars 
Ceriodaphnia quadrangula O.F.Muller 
Chydorus sphaericus (O.F Muller) 
Graptolebens lesludinaria (Fischer) 
Simocephalus serrulatus (Koch) 
Simocephalus vetulus (O.F Müller) 
juv Cladocera 
Total Cladocera (1/100 I) 0 16 
COPEPODA 
nauplius 2 100 
copepodit 2 8 
Total Copepoda (1/100 I) 4 108 
Total Zooplankton (1/100 l| 4 312 















0 0 820 
4 8 600 
720 
4 8 1320 
596 608 6120 
s a m p l i n g s i t e 








24 320 20 
720 160 
8 







0 0 0 0 0 0 240 90 100 
66 24 50 80 
80 220 6 48 320 
0 0 80 220 72 0 72 50 400 
372 368 240 280 144 1360 2208 12820 4680 
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Long-term Zooplankton investigations in the Hungarian 
section of the Körös catchment area 
Katalin Zsuga 
Abstract : The Hungarian section of the Körös catchment area has been examinated 
since 1988. In this paper a summary is given on the quantitative and qualitative 
composition of the Zooplankton community in the different water-courses. On the basis of 
investigations the ecological condition of rivers is considerably influenced by the seasonal 
dynamic, the river regime (floods, low-water periods), the damming-up, the reservoirs and 
pollution. According to results the water of Körös water-courses is mesotrophic-eutrophic, 
moderately polluted in the Hungarian sections. 
Keywords: Körös catchment area. Rotatoria, Cladocera, Copepoda community, 
Zooplankton abundance, species composition, ecological condition, water quality. 
Introduction 
Detailed hydroecological investigations of the Hungarian sections of the Körös 
catchment area have been conducted in the framework of a regional program since 1988.1 
performed the determination of the zooplankton from the biological examinations, and 
investigated in detail the groups of Rotatoria, Cladocera and Copepoda from the 
zooplankton elements. 
With respect to the earlier time, very few data about planktonic fauna of the Körös 
catchment area are known. Megyeri (1972) examined the River Hármas-Körös at Csongrád 
on five occasions: 1953 (October), 1957, 1958, 1961, 1965 (July). On the basis of these 
investigations he described 24 Rotatoria, 14 Cladocera and 6 Copepoda taxa from the river. 
According to his evaluation, a lot of species live in the River Körös, and abundance of some 
well adaptable organisms can reach a high value. The Rotatoria and Entomostraca fauna of 
the whole Hungarian section of the Körös water-system were studied by Zsuga, Nagy 
(1989, 1991). The last results about planktonic fauna of the Körös water-courses were 
published by Gulyás et al. (Gulyás, Bancsi, Zsuga 1995). 
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M a t h e r i a l and methods 
Examination of the zooplankton of the Körös catchment area in the Hungarian section 
was conducted in 1988-1996. The collection period covered all year from February until 
October, generally on three occasions. Frequency of sampling was set to take into account 
seasonal changes, the winter, spring, summer and autumn aspects of zooplankton, as well 
as flood, medium and low water periods. 
Investigated water-courses and sampling sites include the following: 
Berettyó: Pocsaj, Szeghalom, Sebes-Körös: Körösszakái, Körösladány, 
Fekete-Körös: Sarkad, Fehér-Körös: Gyulavári, Kettős-Körös: Mezőberény (in 1966: 
Köröstarcsa), Hármas-Körös: Magyartés (in 1966 Szelevény). 
I performed detailed qualitative and quantitative examinations of the Rotatoria, 
Cladocera and Copepoda fauna from the zooplankton groups. For the investigations 20-50 
liters water were collected from the surface with a plankton net made from silk, mesh-sized 
of plankton is 45 |im. The filtered samples were conserved on site by using 40% 
formaldehide solution to reach 4% final concentration. The quantity of zooplankton were 
counted by using a plexi-box sized 80 x 35 x 6 mm and cubby-hole numbered with a 
graticule of 5 x 5 mm. For the preparation of Rotatoria mastax I used hypochlorid (NaOCI) 
solution. Animals were determined using the identification keys by Bancsi (1986, 1988), 
Damian-Georgescu (1963, 1970), Dévai (1977), Donner (1965), Gulyás (1974), Koste 
(1978), Kutikova (1970), Negrea (1983), Rudescu (1970). 
Results 
Rota to r i a fauna 
In the winter time (February, March) the abundance of Rotatoria is small, and in spring 
(April, May) it is medium. The planktonic organisms dominate in the zooplankton stand. 
In summer (June, July, August) and early autumn (September) qualitative and quantitative 
composition of zooplankton community is determined considerably by the water-level of 
water-courses. In the flood period the turbulent current brings up a lot of sediment from the 
bottom of rivers. In consequence of this the proportion of benthic elements increases 
plankton. The quantity of suspended load is high, and the abundance decreases. In the low 
water period a qualitatively and quantitatively rich community develops in the 
water-courses, besides planktonic species the metaphytic organisms are found also in high 
proportion. In late autumn (October, November) the individual number is low, and the 
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composition of Rotatoria plankton is similar to the winter plankton community. On the 
basis of average abundance the quantitatively richest Rotatoria plankton was in the 
Kettős-Körös ÍFie. 1A and the Doorest was found in Berettvó. 






KÖRÖS B E R E T T Y Ó 
Fig. 1. Average Rotatoria abundance (i/10 I) 
Investigations revealed the occurrence of 151 Rotatoria taxa (Tab. 1.). Most of them 
metaphytic species, but the proportion of planktonic elements is also high. In view of 
qualitative composition of Rotatoria plankton a species rich fauna characterizes the 
Sebes-Körös (99 taxa) and Berettyó (91 taxa), medium rich species composition is in the 
Kettős-Körös (74 taxa) and Hármas-Körös (70 taxa), and the least species was found in the 
Fekete-Körös (68 taxa) and Fehér-Körös (64 taxa) (Tab. 1.). 
From the found 151 Rotatoria taxa 22 species are rare in the fauna of Hungary. These 
inlcude the following: 
Brachionus bidentata Anderson 
Cephalodella limosa (Wulfert) 
Cephalodella obvia (Donner) 
Encentrum oculatum (Harring et Myers) 
Epiphanes macrourus (Barrois et Daday) 
Lecane ohioensis appendiculata (Levander) 
Metadiaschiza trigona Rousselet 
Postclausa hyptopus (Ehrenberg) 
Ptygura melicerta (Ehrenberg) 
Taphrocampa selenura Gosse 
Trichocerca dixon-nuttali (Jennings) 
Brachionus nilsoni Ahlstrom 
Cephalodella mucronata (Myers) 
Dicranophorus epicharis (Harring et Myers) 
Encentrum orthodactylum (Wulfert) 
Itura viridis (Stenroos) 
Lindia torulosa Dujardin 
Paradicranophorus hudsoni (Glascott) 
Proales theodora (Gosse) 
Rotaria tridens Montet 
Trichocerca agnata Wulfert 
Trichotria curta (Skorikov) 
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Crus tacea fauna 
The Cladocera abundance of Körös catchment area generally is few. A large 
community develops only in that site and in that time when the conditions (water dynamic, 
water quality, temperature, food) are favorable. According to the average of individuals, 
the richest Cladocera stand characterizes the Kettős-Körös (Fig. 2.). The abundance in the 





B E R E T T Y Ó S E B E S - K Ö R Ö S FEKETE 
KÖRÖS 
Fig. 2. Average Cladocera abundance (i/10 I) 
In the time of the investigations, all together 20 Cladocera taxa were found in the 
Körös catchment area (Tab. 2.). The rate of the biotecton grazers metaphytic and the 
detritus feeders benthic organisms is the most in the water-courses, while the proportion of 
the planktonic elements is less. The most species was found in the Sebes-Körös and in the 
Hármas-Körös (Tab. 2.), while the Kettős-Körös is characterized by the poorest Cladocera 
composition. 
The Copepoda abundance in winter and spring is little, hut in summer can be higher. 
Large individual numbers were measured in the Kettős-Körös and Fekete-Körös, but the 
Copepoda community of Berettyó and Hármas-Körös was both quantitatively and 
qualitatively poor. On the basis of examinations the rate of juvenile forms (nauplii, 
copepodits) is higher, but the number of adult individuals is very low. According to average 
abundance the Copepoda fauna of Kettős-Körös and Fekete-Körös was the richest (Fig. 3.). 
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B E R E T T Y Ó S E B E S - K Ó R Ó S KÓRÓS KÓRÓS KÖRÖS KÖRÖS 
Fig. 3. Average Copepoda abundance (¡/10 I) 
Evaluation of results 
On the basis of examinations the Hungarian section of Körös water-courses are 
characterized by the following ecological condition: 
Berettyó River 
The quantity of Rotatoria plankton is medium, the Crustacea plankton is few. Species 
rich Rotatoria community is characteristic, indicated by the occurence of 91 Rotatoria 
taxa.. Most of the rare species (13) were found here (Cephalodella mucronata, 
Cephalodella obvia, Dicranophorus epicharis, Encentrum oculatum, Encentrum 
orthodactylum, Itura viridis, Lecane ohioensis appandiculata, Lindia orulosa, 
Metadiaschiza trigona, Paradicranophorus hudsoni, Postclausa hyptopus, Taphrocampa 
selenura, Trichotria curta). In the Crustacea fauna 6 Cladocera taxa were found, while in 
the Copepoda community only nauplius and copepodit forms were found. Abundance 
values indicate the presence of small to medium Zooplankton community, the composition 
of species is variable, and most of the organisms are metaphytic. More species indicate 
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meso-eutrophic and moderately polluted water quality. The water quality of the two 
sampling sites was similar. 
Sebes-Körös River 
On the basis of examinations the richer zooplankton stand is at the frontier sampling 
site (Körösszakái). This is probably the effect of Romanian reservoirs, but before the mouth 
(Körösladány) the quantity is less. The river is characterized by quantitatively medium, 
qualitatively rich Rotatoria community. From the 99 Rotatoria taxa there were 8 rare 
organisms (Cephalodella limosa, Encentrum orthodactylum, Epiphanes macrourus, 
Proales theodora, Ptygura melicerta, Taphrocampa selenura, Trichocerca agnata, 
Trichocerca birostris). Besides planktonic elements, significant amounts of metaphyton 
organisms were found. The quantity of Crustacea fauna is low. In spite of this, the most 
diversified Cladocera composition is characterized by 12 species. In the Cladocera fauna 
the metaphytic elements dominate, and sediment dwelling species also occurred in smaller 
proportion. The Copepoda community is both quantitatively and qualitatively is poor. 
Water quality of the river is generally acceptable, with occasional more polluted 
conditions. 
Fekete Körös River 
On the basis of average abundance values the quantity of zooplankton is medium. 
Amongst the 68 Rotatoria and 6 Cladocera species planktonic, metaphytic and benthic 
species can be found. In the river 2 rare Rotatoria organisms were found (Brachionus 
nilsoni, Rotaria tridens). The Cladocera fauna is characterized by medium individual and 
species number. The quantity of Copepoda can be considerable in summer. Water quality 
is characterized by a mesotrophic, occasionally meso-eutrophic, moderately polluted 
ecological condition. 
Fehér-Körös River 
The Rotatoria plankton community is medium, and in summer can be higher in 
abundance. In the stream was found the least species (64). The individual number is 
characterized by the dominance of euplanktonic elements, and large values are due to 
Synchaeta, Polyarthra, and some Brachionus species. The Crustacea fauna is both 
quantitatively and qualitatively poor, and only in the lower water period reach medium or 
high abundance. The ecological condition is similar to the Fekete-Körös. 
Kettős-Körös River 
The quantitatively richest zooplankton community is in the river which is as effect of 
the damming-up (at Békés). The species composition is sufficiently variable, as indicated 
by the occurrence of 74 Rotatoria, 10 Cladocera and 3 Copepoda taxa. As an effect of 
damming-up the planktonic species become dominant. Abundance values of plankton 
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communities indicate eutrophic conditions in summer. The water of the river was only 
moderately polluted. 
Hármas-Körös River 
Composition of the Rotatoria fauna is variable (70 taxa were found). Combining the 
results of examinations with data of Megyeri (1972) it can be ascertained that as the number 
of individual species rose, the water of River Hármas-Körös became more eutrophic. The 
average abundance of Cladocera community is medium (Fig. 2.), and Copepoda 
community is small (Fig. 3.). 12 Cladocera and 1 Copepoda taxa have occurred in the 
investigation period. Organisms of different habitat types occurred in similar proportion as 
the other Körös water-courses. Periodically the abundance and dominance of some well 
adaptable organisms can be very high (this is similar to the results of Megyeri). 
Summary 
During the examination time there were found 151 Rotatoria taxa, 20 Cladocera taxa 
and 3 Copepoda taxa. From these, 22 Rotatoria species were rare. Investigations revealed 
that the zooplankton composition of the catchment area is variable, and the community is 
built-up by cosmopolitan, well adaptable euplanktonic and metaphytic species. The 
quantity of zooplankton is considerably influenced by the river regime (floods, low-water 
periods). The effects of damming-up and reservoirs can be measured mainly in summer at 
low water level. In this time the water quality of the catchment area is characterized by the 
eutrophic ecological condition. The waters of investigated Körös sections are moderately 
polluted, with some organisms indicating, from time to time, higher organic and inorganic 
pollutants. 
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Table I Rotularía fauna in the Hungarian section of the Kórös Watershed 
s a m p l i n g s i l e s (1988-1996) 













1972 R O T A T O R I A 
Anuraeopsis fissa (Gosse) P1 ww. eu 
Asplanctina brightwelli Gosse p1 e u . o p • 
Asplanchna pnodonta (Gosse) P> 4 4 4 4 • 4 4 
Brachionus angulans Gosse P1 • • 4 4 4 4 
B bennini (Leissling) PI • 4 • 4 
B. bldentata Anderson pl ww, ! • 
B budapesliensis Daday pl + 4 4 4 4 
B calydltofus amphiceros Ehrb. pl 4 •f • 4 4 4 
B calyc anuraeiformis (Brehm) f 4 • 4 • 4 
B calyc calyciflorus (Pallas) pl 4 • • • 4 4 
B calyc dofcas (Gosse) pl •f 4 
B calyc spinosus (Wierzejski) !» • • 4 
B diversicomis (Daday) Pl + 
B lalcatus Zacharias PI ww 4 • 4 
B. nilsoni Ahlstrom me li,! •f 
B rubens Ehrenberg • •f 4 
B urceolaris 0 F Müller be. te Ii + 4 4 4 4 
B quadridentatus (Hermann) me. be • + 4 4 
B q ancylognatus (Schmarda) 4 
B q brevispinus (Ehrenberg) me. be • •f + 4 + • 
B q cluniorbiculans (Skonkov) me • 4 4 
B q rbenanus (Laulerborn) me, be • 4 
Cephalodella biungulata Wulfen 
C calellina O.F.Müller 
C forfícula (Ehrenberg) li 4 4 4 
C gibba (Ehrenberg) + 4 4 4 4 
C qracilis (Ehrenberg) 4 
C. limosa (Wulfert) 1 • 
C meqalocephala (Glascott) be. te 4 4 
C misgumus (Wulfert) • 4 4 4 
C. mucronata (Myers) WW, ! • 
C obvia (Donner) 1 • 4 
C remanei (Wiszmewski) + 
C sterea sterea (Gosse) me. be 
C ventripes (Dixon-Nultal) me. be 
Cephalodella sp 
Collotheca sp • 4 
Colurella adrialica Ehrenberg 
C colurus Ehrenberq + + 4 
C. obtusa (Gosse) me • 4 + • 
C uncinata O.F Muller 
ConochHus dossuarius Hudson P1 4 
Dicranophorus caudalus Ehrb • 4 4 
D. epicharis (Harring et Myers) be. te 1 • 
D lordpalus (O F Müller) ps • 
D qrandis (Ehrenberg) be. te • 4 4 • 
D undnatus (Milne) me • 4 4 • 
Dipleuchlanis propatula (Gosse) me 4 
Encentrum diglandula (Zawadowski) 4 4 
E mustela (Milne) be. te 4 
E. oculatum (Harring et Myera) ! • 
E. orthodaqctylum (Wulfert) ! •f 4 
E plicatum (Eyfert) cw • 
E saundersiae (Hudson) cw 4 4 • • 
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s a m p l i n g s i t e s (19B8-1996) 













1972 R O T A T O R I A 
Encentrum sp. • • • • 
Epiphanes m a c r o u r u s (Bar. e t Dad.) fX ! •f • • 
Euchlanis dilatata Ehrb me .p l + • • • • 
E. oropha Gosse me • •f • 
Filinia comuta brachiata (Rousselel) 
F. longiseta (Ehrb.) P' • •f • • • 
Hexathra mira (Hudson) P' • • 
Itura aunta(Ehrb ) eu • 
I. viridis (S tenroos ) me 11,1 • 
Itura s p 
Keratella cochlearis (Gosse) PI 
Ker cochl macracantha (Lauterborn) P1 • 
Ker cochl micracantha (Lauterbom) P1 
Ker cochl tecta (Gosse) P1 
Ker testudo irregularis (Jakubski) P1 • 
Keratella tropica f reduela Fadeev P1 • • 
Keratella tropica Apstein P1 • • 
Keratella quadrata ( 0 F Müller) P1 • • • 
Keratella valga (Ehrenberg) Pi • 
Lecane arcuata (Bryce) me 
L. bulla (Gosse) • 
L. closterocerca (Schmarda) • • • • • 
L. hamata Stokes • • • • 
L luna (O F Müller) • • + • 
L luna presumpta Ahlstrom • 
L. lunaris (Ehrenberq) me. te 
L. o h i o e n s i s appendlcu la ta (Lev.) 1 + 
L. quadridentata (Ehrt).) me • • •f 
L. stenroosi (Meissner) me. te • 
L. tenuiseta Harring • 
Lscane sp • 
Lepadella acuminata (Ehrb.) me •f • • 
L ovalis (O.F.Müller) me. te • • 
L. patella (O.F.Müller) 
L. p. oblonga (Ehrb.) me 
L. quadncarinata (Stenroos) me • 
Llndia to ru losa Dujardln me. te e u , ! • 
Lophocharis oxysternon (Gosse) me, be • • 
Metadiaschiza t r ígona Rousse l e t I • 
Monommata longiseta (O F Müller) me • • 
M qrandis Tessin me 
Mytilina compressa (Gosse) me. te • 
M mucronata (O.F.Müller) • • • 
M ventralis (Ehrb.) me • •f 
M ventr. brevispina (Ehrb.) me •f + 
M ventr. macracantha (Gosse) me • •f • 
Notholca acuminata (Ehrenberg) P' cw 
N. squamula (O.F.Muller) cw • • •f •f 
Notommata pseudocerberus Beauch. te •f 
Notommata sp. • 
P a r a d i c r a n o p h o r u s h u d s o n i (Glasc.) be eu . I + •f 
Platyias patulus ( 0 F.Müller) me. be 
Pleurotrocha petromyzon Ehrb eu • • 
Polyarthra dolichoptera (Idelson) P' 
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T A X A 














1972 R O T A T O R I A 
P euryptera (Wierzeiski) P< WW • • 
P lonqiremis Carlin I* WW. OS • • • 
P maior (Bruckhardt) f> + • •f 
P remata (Skorikov) f* • 
P vulgaris Cartin F* 
Pompholyx complanata G o s s e P 
Pompholyx sulcata Hudson C • 
P o s t c i a u s a h y p t o p u s (Ehrenberg) cw, 1 • 
Proa les t heodora (Gosse ) 1 • • 
Proales sp • • 
Ptygura melicerta (Ehrb.) me 1 • 
Rhinoglena frontalis (Ehrb.) f> cw • 
Rotaria citrina (Ehrenberg) me op 
R neptunia (Ehrenberg) me. be op 4-
R rotatoria (Pallas) me. be op + 
R. t r ldens Montet o p , l + 
Rotana sp. 
Scandium longicaudum (O.F Müller) me 
Sinanthenna socialis (Linn«) me • • • 
Squatjnella rostrum (Schmarda) me. te • 
Synchaeta kitina Rousselet f> + 
S. longipes Gosse P' WW + + + + 
S oblonga Ehrenberg P1 + + + • 
S pecbnata Ehrenberg (K om • • + • •f 
S stylata Wierzejski pi • • • 
S. iremula (O.F.Müller) m 
Synchaeta s p 
Taphrocampa annulosa G o s s e be. te eu + •f + • 
T. s e l enu ra G o s s e be. te eu, 1 • • 
Testudinella paüna (Hermann) me. be + 
T p f tnlobata And et Shepard me • 
T truncata (Gosse) me 
Tr lchocerca agna ta Wulfert P> I • 
T. birostris (Minkiewicz) eu •f 
T. dlxon-nuttal l ( J e n n i n g s ) be, te I • 
T. elongata (Gosse) me • 
T porcellus (Gosse) me. te + • •f 
T. pusilla (Lauterbom) Pl •f • • • • 
T. rattus (O.F Müller) me •f • • 
T. similis (Wierzejski) P' • •f • 
T tenuior (Gosse) me. t e 
T tigns (O.F Müller) me. be • 
T. weben Jennings me. te • 
Trichocerca sp 
Trichotria cur ta (Skorikov) 1 • 
T pocillum (O.F Müller) me • 
T tetractis (Ehrenberg) me • 
Total species number of Rotatoria 91 99 68 64 74 71 24 
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Table 2.: Cladocera and Copepoda fauna is the Hungarian section of the Körös watershed 
T A X A 














C L A D O C E R A 1972 
Acroperus harpae (Baird) me fr-
Alona costata Sars me. be •fr 
A quttata Sars 4- + fr- fr-
A. rectangula Sars me + •fr fr + fr-
A- quadrangularis (O F Müller) fr-
Bosmina longirostris [O.F.MOIIer) • + fr fr- fr- fr 
Camptocercus rectirostris Schoedler me • 
Ceriodaphnia laticaudata P. E Müller me eu, ww + 
C reticulata (Jurine) me + 
Ceriodaphnia sp 
Chydorus sphaericus (O F Müller) + + + * fr fr- fr-
Daphnia cucullata Sars Pi fr + fr-
D. lonq¡spina O.F.MOIIer fr- fr- fr 
Diaphanosoma brachyurum (Lievin) + fr- fr fr-
Graptoleberis testudinaria (Fischer) me fr- + 
Kurzia latissima (Kurz) me fr 
Moina brach lata (Jurine) me op fr-
Moina micrura Kurz pi. me fr fr- + fr-
M rectirostris (Leydig) me op fr-
Moina sp fr fr-
Oxyurella lenuicaudis (Sars) me. te * 
Peracantha truncata (O F Müller) me + + 
Pleuroxus aduncus (Jurine) me. te eu +• fr-
P tngonellus ( 0 F Müller) be 
Scapholeberis mucronata (O.F.Müller) fr fr fr- fr 
Sida crystallina (O F.Müller) me fr 
Simocephalus exspinosus (Koch) me + + 
S velulus (O F Müller) me + 
Total species number of Cladocera 6 12 6 4 10 12 14 
C O P E P O D A 
C a 1 a n o i d a 
Eudiaptomus gracilis (Sars) P> fr 
C y c l o p o i d a 
Acanthocyclops vernalis (Fischer) me. pi fr 
Cyclops strenuus Fischer cw + 
Eucyclops serrulatus (Fischer) fr- fr-
Megacyclops viridis (Jurine) me. pi fr fr + fr 
Mesocyclops leuckarti (Claus) P' eu + 
Thermocydops oithonoides (Sars) pi. me ww. om • 
Total s p e d e s number of Copepoda 0 1 0 1 3 1 6 
habitat type: 
pi • pianklonic 
me • metaphytic 
be - benthic 
le - tectonic 
I - rare spec ies 
ecological indication: 
eu - eutrophic state 
om - oligo-mesotrophic state 
os - oligosaprobic state 
li - limnosaprobic state 
ps - polisaprobic state 
cw - cold weather 
ww - warm weather 
op - organic pollution 
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The Oligochaeta and the Chironomid fauna as pollution 
indicators in the Cri^/Koros1 river system 
András Szító & Katalin Mózes 
Abstract 
The Oligochaeta and the Chironomid fauna were investigated in the Ki>rijs/Cri§ river 
system from the spring area to the inflow in the years of 1994-1995, to cover up the species 
living there. A zero-state was made. Specimen density of Oligochaetae was high on the 
polluted river parts, Limnodrilus hoffmeisteri and Tubifex tubifex were dominant there. 
Specimen density increased by moderated, and decreased by hard pollution effects. More 
than 50% of the Chironomid species were found in one sample only, which shows 
mosaic-like fauna. The presented species could not be rare, or threatened, because of the 
lack of the earlier faunistical investigations. Br ilia longifusca, Brilia modesta, 
Rheocricotopus effusus, Briophaenocladius nitidicollis, Chironomus fluviatilis, 
Paralauterborniella nigrohalteralis and Thienemanniella lentiginosa were typical for 
clean water river parts. The changes in the fauna picture would show the positive, or 
negative effects in the river system during future investigations. 
Keywords: river ecology, invertebrate fauna, Oligochaeta, Chironomid, diversity. 
Introduction 
Organisms have to have a continuous contact with their own environment, therefore 
they reflect the environmental changes. Presence or absence of a species in one ecosystem, 
its settlement or disappearance are the results of this interaction and answer to one 
environmental quality. 
1 The first name is Romanian, and the second Hungarian. 
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A lot of species are well known which are sensitive and are able to reflect the effects 
of the environmental changes. Thienemann (1954) and his contemporaries have already 
taken note of the fact that some species live on a certain small part of a river, but others 
appear on longer parts in that same ecosystem. This quality is known for more and more 
animal group and species as typical, therefore most of them can be used very well to 
indicate the different environmental effects. The shells (Lamellibranchia) are already 
common in the immediate monitoring in the past years (Salánki, 1994). 
The negative environmental effects to the animals may be short, like oxygen 
depletion, or longer, like heavy metal pollution and accumulation in the sediment. The 
injury of the zoocoenose follows the environmental injury, and a longer time is needed for 
the animals to resettle. 
Chironomids (non-biting midges) living in the sediment are used commonly for 
monitoring on population-, coenose-, and ecosystem level, as well as for toxicological tests 
in the laboratory and on the field, too. Chironomids are of essential importance in the 
saprobiological qualification (Rosenberg, 1991). Their use is the same in the monitoring of 
the water ecosystems too (Cushman, 1984; Cushman and Goyert, 1984; Frank, 1983; Szító, 
1994; Szító and Waijandt, 1989; Warwick, 1988, 1989). 
The registration of the ecological condition started in our common rivers with the 
Maros/Mure§ in 1991, followed by the Szamos/Some? river system in 1993; the River 
Cri§ul Alb/Fehér-Koros, River Cri$ul Negru/Fekete-Körös in 1994, and the River Cri§ul 
Repede/Sebes-Körös, River Barcäu/Berettyo in 1995. The works were organised and 
supported by Tisza Klub (Szolnok, Hungary) and Liga Pro Europa (Tárgu-Mure?, 
Romania). No similar examinations had been used on these rivers before our fundamental 
work (Albu, 1966; Cure, 1964, 1985; Pop, 1943, 1950). 
The goals were as follows: 
- to throw light on the flora and fauna from the head waters to the mouth 
- to regístrate the changes in the coenoses by the environmental effects 
- to answer the questions of the environmental changes 
- to submit recommendations to the governmental and non-governmental organizations 
for the improvement or for the conservation of the condition of the living resource. 
There was crude oil pollution in the River Barcäu in November and December 1994. 
More than 60 tons of the oil were collected from the river during three weeks, but the rest 
spread to the Koros river system and the River Tisza, too. The pollution effect was 
examined and published in a separated paper to this monograph. 
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Material and methods 
The sampling places were as follows: River Cri$ul Alb, River Cri$ul Negru, River 
Kettős-Körös, Crijul Repede, and River Barcáu. The rivers were sampled from the source 
to the mouth by a hand net with 250 pm pore mesh size in 1994 and in 1995. The sediment 
was collected near the bank on the right and the left side and in the main current (Fig. 1.). 
Fig. 1. Sampling places on Cri$ river system 
Qualitative samples were taken from the surface of the stones and gravel pieces by 
washing into a drifting net in each profiles. Sampling sites were at various distances from 
the left and the right bank, and when it was possible in the main current as well. 
Each sample was washed through a metal screen with a pore mesh size of250 pm just 
after collection and preserved in 3-4% formol solution. The retained material was divided 
into groups of Oligochaetae and Chironomids by a Zeiss stereo microscope in the 
laboratory, with a four- to sixfold magnification. Animals were preserved in 80% density 
ethyl alcohol. 
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For taxonomic identification the following works were used: (Biro, 1981; Brinkhurst, 
1963; Brinkhurst and Jamieson, 1971; Ferencz, 1979, Fittkau, 1962; Fittkau et al. 1983; 
Hirvenoja, 1973; Pinder et al. 1983; Pop, 1943, 1950; Tshernovskii, 1949). 
Results 
Ol igochaeta fauna 
River Cri§til Alb/Feher-Korös 
Specimen density was low in the Spring area. Four Nais species were present in the 
phytotecton on the gravels, covered by a thin layer of filamentous and unicellular algae. 
The phytophil Pristina rosea was dominant there. Low density of the Nais bretscheri, Nais 
behningi, and Nais pseudoptusa was detected. The diversity was very low there (Fig. 2). 
R. Cn>ul Alb (Fehe r -K . ) 
Fig. 2. Diversity of the sediment of the River Cri$ul Alb by Oligochaeta fauna, 
as a living resource (Shannon-W. Div. index) 
Specimen density increased at Brad. Tubificidae were dominant, especially the 
Limnodrilus hoffmeisteri, a species that was tolerant to harder pollution as well as the 
Limnodrilus profundicola and Limnodrilus claparedeianus. Four species of Naididae were 
present. Pristina bilobata was the most frequent, Nais communis, Nais variabilis and 
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Uncinais uncinata were not so common. The number of species, specimen density and the 
diversity were the highest on this river part. 
Pristina bilobata was dominant near Ineu, and Nais behningi subdominant. They were 
typical litorheophile species. Sediment accumulation provides suitable conditions for the 
increase of specimen density of the Tubificidae (lower water speed, rich phytotecton, 
sediment accumulation). Both the species richness and the biodiversity decreased, but 
specimen density increased. 
The regulation of the river bed was disadvantageous in the Chi?ineu-Cri? area. Both 
the species number and the specimen density decreased there. The Nais behningi was found 
again, which indicated the upgrade of the water quality. 
The total species number of the Oligochaetae was 11 in the River Cri§ul Alb. 
Limnodrilus claparedeianus and Pristina bilobata had the highest specimen density in the 
mentioned river (Table 1.). 
River frisnl Negru/Fekete-Koros 
Diversity of the R. Cripul N.. R. Kettos-K. and R. Harmas-K. 
by Ollgochaete 
Fig. 3. The diversity of the sediment as a living resource in the River Cri§ul Negru 
by the Oligochaeta fauna 
16 Oligochaeta species were found here. The Limnodrilus hoffmeisteri and the Nais 
bretscheri were the most frequent. Oligochaeta species were not present at sampling sites 
near Gyula and Sarkad (Hungary). Limnodrilus hoffmeisteri was the only Oligochaeta 
species which was persent near Petru Groza, but in low density. Tubifex nevaensis 
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appeared by Borz, which is a characteristic species of clean water, and of water and 
sediment containing low organic and inorganic materials. Both the above mentioned 
species were absent at Tinea, but the Branciura sowerbyi, which is characteristic an eutroph 
environment, appeared. This species was present in the River Kettős-Körös by Békés too. 
Limnodrilus hoffmeisteri was found in the Mouth of the River Hármas-Körös by Csongrád 
(Table 2.). 
No correlation was found between the species richness, specimen density and the 
phosphorus and heavy metal content of the sediment (Table 2., and 4.). The diversity 
changed between 0.0 and 0.7 (Fig. 3.). 
River Crisul Repede/Sehes-Körös 
Fig. 4. The quality of the sediment in the River Cri§ul Repede 
by the Oligochaeta fauna 
Four species of Oligochaetae were present at the source. Tubifex tubifex was 
dominant, and Limnodrilus hoffmeisteri the subdominant species. The high density of the 
L. hoffmeisteri showed a similar eutrophic level. 12 species were present by Ciucea. 
25 species of the Oligochaetae were present in the sampling time from the Spring to 
the Mouth area. Species richness varied between 4-12 at the different sampling sites, it was 
the lowest near Cheresig, and the maximum near Vadul Cri§ului (Table 3.). The diversity 
changed between 0.2 and 0.85 (Fig. 4.). 
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Chironomid fauna 
Species richness and specimen density 
Rive r Cri^ul A I h / F e h é r - K ö r ö s 
45 species were found from the Spring to the Mouth. Species richness varied between 
5-12 in the different sampling sites. Thienemanniella lentiginosa was not present near 
Chi$ineu-Cri$ and Gyula, but Thienemanniella flavescens was found at the Spring area 
only. The other species were tolerant to the environmental factors (Table 5). 
Cri$ul Negru/Fekete-Körös 
49 species represented the Chironomid fauna. Species richness changed between 1-14 
on the different sampling sites. Thienemannimyia lentiginosa and Thienemanniella 
clavicornis were found at the Spring area and the others were euryoec too and sporadic 
(Table 6.). 
River Cri$ul Repcde/Sehes-Körös 
64 species represented the Chironomid fauna. Species richness varied between 0-23. 
Species living in the phytotecton were characteristic at the Spring area and near Alejd, but 
species living in the sediment were dominant by Bologa and Ciucea. Polypedilum 
scalaenum was the dominant there, the other species were found mostly only once 
(Table 7.). 
Only 2 species were present in the River Kettős-Körös by Sarkad, the maximum, 11 
species, were detected by Békés. Two species were present at the Mouth of the River 
Hármas-Körös near Csongrád. Procladius choreus was dominant in the River Kettős-Körös 
and R. Hármas-Körös, too. Macropelopia notata was dominant and Procladius choerus the 
subdominant, where the sediment was rich in organic materials. The only species which is 
typical of rivers was Rheotanytarsus curtistylus, the others were euryoec and characteristic 
of still waters (Table 8.). 
Some tributaries of the Cri?ul Repede 
At the Mouth of the tributaries of the Cri$ul Repede there were 2-12 species, 31 
species altogether. 16 species were present in Drágan/Dregán Stream, 21 species in Iad/Jád 
Stream, and 2 species in the Zerna Stream. Orthocladius thienemanni was dominant, living 
in the phytotecton, Micropsectra praecox was subdominant, living in the sediment. Most 
Chironomid species were present only at one sampling site, in low density (Table 9.). 
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D o m i n a n c e and abundance 
Regarding the dominance situation, Psectrocladius barbimanus was dominant and 
Thienemannimyia lentiginosa subdominant in the River Crijul Alb. The slow water current 
was indicated by the presence of Chironomus plumosus and Chironomus fluviatilis there. 
Total specimen of more than 50% of the Chironomid were lower than 1% in the R 
Cri§ul Alb, while the rate of total specimen of 14 species varied between 1-6% (Table 10.). 
Regarding the abundance, Syndiamesa branickii and Eukiefferiella coerulescens were 
present in 67% of the samples and they were followed by Rheocricotopus effusus, with 
56%. Only one sampling site was found with 23 species, in high density, which provided 
50% of the species found. The presented Chironomid species were common both in the 
standing- and in the running waters, but they were very rare in this river (Table 10.). 
Polypedilum scalaenum (32%) was dominant and Cryptotendipes anomalus (19%) 
was subdominant in the River Cri$ul Negru. The other species, living in the phytotecton 
and in the sediment, served as tinctorial elements, because of their low densities and rates, 
generally under 1% (Table 11.). 
Eukiefferiella similis and Paracladopelma camptolabis were present in 40% of the 
samples in the R. Crijul Negru. 34 species were present only once in the sediment samples 
(their abundance was 11%), which was 69% of the Chironomid larvae collected here. 
Chironomid species in low abundance were common in the standing water and lowland 
rivers, and they were known as tolerant to the environmental factors (Table 11.). 
Polypedilum scalaenum was dominant with 32%, and Cladotanytarsus mancus 
subdominant with 16% of the collected Chironomid larvae in the R. Crijul Repede. 16 
species of the 64 found in this river represented 1 -6% of the Chironomid abundance, and 
47 species were detected, which abundance was lower than one per cent. The rate of this 
species was 73% of the species found in this ecosystem. 
No species would reach 50% abundance in this river. Both Thienemannimyia 
lentiginosa and Corynoneura celeripes were present with 42% in the samples. The 
abundance of most species was very low, reached 3% only (Table 12.). 
Orthocladius thienemanni was found in the tributaries R. Cri§ul Repede making up 
25% of the total number of the Chironomid larvae collected by the inlets. Micropsectra 
praecox was subdominant with 15%. 60% of the collected larvae from the R. Cri§ul Repede 
represented the total specimen of 29 species (Table 13.). 
The diversity of the investigated ecosystems 
The minimum-maximum values by the Chironomid fauna were as follows: the River 
Criçul Alb: 0.37-0.66; the River Criçul Negru: 0.29-0.56; the River Kettős-Körös: 
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0.21-0.30; the River Hármas-Körös, sampled at the Mouth only: 0.09-0.21, and the River 
Criçul Repede; 0.15-0.73. 
The affluents of the River Criçul Repede at the Mouth: Drágán Stream: 0.21 -0.49; lad 
Stream: 0.39-0.70, and Zerna Stream: 0.17 (Table 12.). 
Discussion 
O l i g o c h a e t a e 
The lack of Oligochaetae was evident at the source area of the River Cri§ul Alb. Both 
the quality of the substrate and the narrow food circumstances might be the reason why 
bloodworms were not able to settle down here. The main cause of high specimen density 
was probably the organic material content and the quantity of the inorganic phosphorus by 
Brad, which determined the biomass of the primary production, the main food source of 
the worms. 
Some Oligochet species should be present at the sampling site at Alma§. Their absence 
signals unfavorable environmental conditions, which affected the river part some time 
earlier too, but the time was not enough yet for the regeneration (Table 1). Despite signals 
of the pollution by different Oligochaetae species were detected, the condition of the River 
Cri§ul Alb was good. The water was cleaner and contained lower food source near Aciu{a 
than earlier, thanks to selfpurification. Tubificidae were dominant, mainly Limnodrilus 
hoffmeisteri, Limnodrilus claparedeianus and Limnodrilus profundicola. 
The Oligochaeta fauna of the River Criyul Negru was poor too. The presence of the 3 
species detected was periodic. Their lack can still be regarded natural at the source area. 
Limnodrilus hoffmeisteri, being the only species present, and especially the lack of Tubifex 
nevaensis migh indicate a medium degree inorganic and organic pollution. 
The Oligochet fauna of the River Cri§ul Repede can be classified into four families. 
The families of the Tubificidae and Naididae were the biggest both in species and specimen 
too. The importance of the Oligochaetae, concerning water (ecosystem) qualification, lies 
in the fact that the species and specimen richness showed a close correlation with the 
organic and inorganic material content of the water and sediment. Increasing specimen 
density showed organic water pollution. The water quality was not determined by the total 
specimen density correctly, because the ecological demand of the species in different 
families differed widly. The substrate quality determined the spreading of the species 
besides the organic matter content of the water and sediment (Szító et al., 1989, 1993). 
Naididae preferred the stony and sandy substrate, when the water speed provided sufficient 
oxygen supply. They were found in high density in the biotecton and among the plants near 
the banks. Tubificidae preferred the sediment with rich organic material content (detritus 
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and fitotecton on the sediment surface). This species, living in such environment, were not 
sensitive for the low oxygen concentrations. 
High specimen density of the Oligochaetae was detected both at the Spring area and 
near Oradea. The main cause was the sedimentation of the communal pollutants. The 
communal sewage water of Oradea was the main pollution source. Low density of the 
worms indicated acceptable situations for them at the other sampling sites (Table 3). 
Naididae were present everywhere with the exception of two, hard polluted sampling sites. 
They representeded high densities by Stana de Vale and Alejd, because of the rich 
phytotecton on the stones. Rapid water current resulted in a thin sedimentation near Alejd, 
which was the reason for the low density of the worms. 
By comparing the relative abundance of the Tubificidae with the saprobity zones (S), 
and the values of the saprobity index, water quality can be estimated at the different 
sampling sites. It follows that the water quality was p mesosaprob between Ciucea and 
Oradea/Nagyvarad (Fig. 5.). 
Abundance of Tubificidae only 
Abundance of all Oligochaete 
earlier literature data 
S= Sabprobity, Sampling places 
OA= Oligochaete Abundance. 
%= Water cleanness. Sz- Saprobity zones 
Fig. 5. The quality of the sampling places in the River Cri§ul Repede 
by the Tubuficids, by the ind. density of the Oligochaete, 
and by the earlier literature data 
Regarding the abundance of the Tubificidae and other Oligochaeta species, wc get a 
saprobity index for all sampling places, presented by the broken line (Fig. 5), which gives 
us nearly the same abundance of the Tubificidae, but represents a more correct picture. 
Therefore, Ale$d was in an a~p mesosaprobe zone (Fig. 5). Comparing the course of the 
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two lines with the data by Draganovici-Duca (1967), the conclusion was that the water 
quality did not change considerably (Fig. 5). 
C h i r o n o m i d f a u n a 
A common feature of the River Cri$ul Alb, the R. Crijul Negru and the R. Crijul 
Repede is that their water output varies. The flood wave comes down rapidly after rainy 
days and thaw. Stones and gravels cover the river beds on the upper parts under the shallow 
water. Because of high transparency the stones, gravels and the sediment surface is covered 
by phytotecton, which is an advantage for the Chironomid larvae as they live in 
phytotecton. The flood wave duly wash the Chironomid larvae downstream. Some 
individuals can find refuge, where they can survive the flood wave and from where they 
fly up the the river after their larvae have developed into imagos. Females are able to fly 
several kilometers in search of a suitable site to lay their eggs at. Chironomid species of 
estuaries (streams) reach the different part of the rivers by the drifting and the flood wave, 
spreading on this ecological floor continuously. 
On the ground of the above presented, we expect that the rivers have a lot of common 
species mainly on their source and upper stream areas, but we found some such species 
only on the source area. Pentapedilum sordens is the only species present in the 
investigated rivers.The Polipedilum scalaenum was absent in the R. Cri$ul Negru, as well 
as the Polipedilum minutum and Prodiamesa olivacea on the source areas of the R. Cri§ul 
Alb (Table 5-7). 
Thienemannimyia lentiginosa was the only common species on the lower river part, 
which was present in three rivers, but not on all sampling sites. The lower water current 
near the banks is advantageous for it and lives in the phytotecton. We found it in the main 
current sometimes too, because of the drifting and washing away (Table 5-7). 
The upper parts of the rivers were characterized by the absence of the sediment. 
Chironomid larvae were typical, living in the phytotecton (Orthocladius, Cricotopus, 
Eukiefferiella). The other species were present where some sediment was found near the 
banks in still bays (Cryptochironomus, Polipedilum and Tanytarsus species). 
The middle-course sections of the rivers were shown by Chironomus, Cladopelma, 
Dicrotendipes, Tanytarsus, Cladotanytarsus species, living in sediment in both standing-
and running waters. These species were mostly phytophageous (algae, bacteria and 
detritus) and had a large adaptability to extreme environmental factors. 
Dominance and abundance 
Water soluble organic and inorganic materials were determining factors in the 
growing of phytotecton (phosphorus and nitrogen). The rivers were oligotrophic at the 
upper parts and at the source area. Their enrichment by the effect of food materials 
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(sawdust and other plant residues) resulted the increase of the trophic level in the rivers. 
Slowly mineralizing organic materials were continuous food material source for bacteria 
and algae. Their formation was intensified by the communal-, agricultural- and industrial 
waste waters which were not, or partly sedimented. The phytotecton serves as rich food 
source for Chironomid larvae. The shallow water level for some weeks in summer was 
advantageous for us to study the regenerated Chironomid fauna, and to signalize their 
specimen density and the species richness after a flood wave. 
The presence of the species was definitely mosaic-like in the River Cri§ul Alb. The 
low specimen density and the sporadic presence of the tolerant species showed that the 
river often got pollution effects when the larvae died, and after which the fauna had to start 
to settle in. The probability of the periodical pollution effects showed the decrease of the 
specimen density, such the Thienemannimyia lentiginosa and other species living in the 
phytotecton and characteristic of clean water, whereas the increasing of the density of 
Psectrocladius barbimanus was detected (Table 5). 
Both the nutrient content and the pollution of the River Cri§ul Negru were higher than 
in the Cri§ul Alb, which was indicated by decreasing of the species richness by Petru 
Groza, Zerind, Osorhei and Cheresig. The River Cri$ul Negru was characterized as a very 
diverse ecosystem by the mosaic-like presence of the tolerant species. The sporadic 
presence of the species signalized mostly that these species survived the negative 
environmental effects in refuge (Table 6). 
Of the total 64 species we found only 19 (29%) which were present only once. That 
same rate was 60% in the River Cri§ul Alb, and in the River Cri$ul Negru 79%. The 
"average" diversity index (minimum and maximum values in brackets) were as follows: 
the River Cri§ul Alb: 0.52 (0.37-0.65); the River Cri$ul Negru: 0.40 (0.0-0.64), and the 
River Crijul Repcde: 0.43 (0.19-0.73). The River Crijul Alb showed the highest diversity 
followed by the River Cri?ul Repede and the R. Crijul Negru (Table 12). 
The collected data showed that the most tolerant species were able to survive the 
negative environmental effects in the River Cri§ul Alb and Cri§ul Negru, by contrast in the 
River Cri?ul Repede strong water current is the dominant factor, and that was the reason 
why both the species richness and the specimen density were low in both R. C. Alb and R. 
C. Negiji. The character species for the clean water and low nutrient content were as 
follows: Brilia longifusca, Brilia modesta, Rhcocricotopus effusus, Briophaenocladius 
nitidicollis, Chironomus fluviatilis, Paralauterborniella nigrohalteralis, Thienemannimyia 
lentiginosa (Table 5-7). 
Paratendipes intermedius and Paratendipes connectens were absent from the River 
Cri§ul Alb and Cri$ul Negru, while they were present in the River Cri§ul Repede in sandy 
sediment on the lowland river part (Table 7). The lack of the above mentioned Paratendipes 
species from the hard polluted Rivers Kettős-Körös and the Hármas-Körös showed the 
same situation in the Cri§ul Alb and Cri§ul Negru too. A significant correlation might be 
demonstrated between Cadmium (Cd) concentrations and the labium deformities of 
Paratendipes species in the River Tisza (Szító and Waijandt, 1989), when the larvae of the 
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species could survive the negative effect by concentrations of 20-30 mg/kg of the 
investigated sediment. The maximum Cd concentration was 7.4 mg/kg of the sediment in 
the River Cri§ul Alb, only 25% of the concentration measured in the River Tisza; therefore 
the absence of the Paratendipes species caused by other environmental factors, which have 
not been identified yet. 
Conclusions and proposals 
1. The fauna lists present a zero-state, which is not known yet. 
2. The specimen density of the Oligochaetae was high on the polluted river parts, 
Limnodrilus hoffmeisteri and Tubifex tubifex were characteristic for these river parts. 
3. Both the specimen density and species richness increased by the moderated 
pollution effects (R. Cri§ul Alb near Brad, R. Cri§ul Negru near Zerind and R. Cri§ul 
Repede by Alejd). The species richness and the specimen density decreased by hard 
pollution ( River Crijul Repede by $aula and Cheresig). 
4. The River Cri$ul Alb and R. Crijul Negru had more common Chironomid species, 
but their abundance was very different. Cryptochironomus anomalus was found tree times 
in both rivers, whereas it was only a tinctorial element in the R. Cri$ul Alb, the rate of its 
individuals came to 80% of the Chironomid larvae in the R. Crijul Negru by Tinea. 
Thienemannimyia lentiginosa was abundant in the R. Crijul Alb and its rate was only twice 
under 30%, generally fluctuated between 30-50%. It was found in the River Cri$ul Negru 
twice only (Poiana and Petru Groza). Polypedilum convictum showed a similar picture too. 
The standing water and low water current with rich nutrient was optimal for 
Cladotanytarsus mancus. The River Crijul Negru showed a characteristic pollution from 
Zerind. 
The larvae of the Cryptochironomus redekei were in low specimen density, while the 
species was subdominant in River Cri$ul Negru. 
5. Prodiamesa olivacea and Orthocladius saxicola species were present on the Spring 
area, but Cladotanytarsus mancus was characteristic for the middle and the lowland parts 
of the River Cri§ul Repede. Polypedilum scalaenum was present from the Spring to the 
Mouth on the different sampling places. 
6. Orthocladius thienemanni, Thienemannimyia lentiginosa and Paratendipes 
intermedius were known as characteristic species for the clean river ecosystems. The 
presence of the Polypedilum sp. was characteristic for the ecosystems, which were rich in 
nutrients. 
7. Despite more than half of the Chironomid species were detected in one sample only, 
the presented species cannot be classified as rare or threatened, because of lack of earlier 
faunistical investigations. 
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Crij |Brad |Aciu)a |lneu |Ch. Cri$ 
ind./m2 
1 Limnodrilus claparedeianus 171 302 3006 40 
2 Limnodrilus hoffmeisteri 2313 845 306 
3 Limnodrilus profundicola 428 181 982 30 
4 Nais behningi 33 20 30 
5 Nais bretscheri 33 
6 Nais communis 386 
7 Nais pseudoptusa 16 
8 Nais variabilis 214 
9 Pristina bilobata 686 241 
10 Pristina rosea 230 
11 Uncinais uncinata 86 
Total ind./m2 312 4284 1589 4294 100 
Species number 4 7 5 3 3 
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Table 2 . Species and quantitative data of the Oligochaete in the R. Fekete Körös (Crisul Negru), 
































i n d . / m 2 
1 Branchiura sowerbyi 5 9 5 9 
2 Eiseniella tetraedra 2 0 0 5 1 
3 Limnodrilus claparedeianus 4 0 1 
4 Limnodrilus hoffmeisleri 9 8 7 8 9 182 4 4 
5 Nais barbala 2 1 9 
6 Nais behningi t u 5 5 7 
7 Nais brelscheri 6 1 9 6 6 6 10 
8 Nais communis 2 2 
9 Nais pseudoptusa 1671 
10 Pristina aequisela 10 
11 Pristina bilobaia 1 5 1 6 • 
12 Pristina rosea 3 5 5 
13 Tubi/ex nevaensis 
Tubifex tobifex 
4 4 
14 4 7 4 
15 Uncinais uncinata 1 0 9 
16 Vejdovskielta comata 3 3 3 
Total (ind./m2) 2 3 5 9 2 8 0 9 2699 59 7 5 9 0 0 5 9 44 
Species number 5 6 6 1 4 0 0 1 1 
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Table 3. Oligochaete and their quantity in Criçul Repede (Sebes-Körös) 
No. Spccics 
Samplir K places 




Alefd Fughiu Cberesç 
1 Aulodrihla pigueti 
i n d / m ' 
7 
2 Aulodrilus pluracta 2 13 
3 Branchiun sowerbv 3 
4 Eiscnjella te treed« 15 13 
5 Limnodrilus cUparedcianus 328 6 266 
6 Linmodrilus hofimciateri 3443 56 561 12 17 5665 
7 Limnodrilus profundicoU 11 
8 Limnodrilus udekemianus 439 27 54 
9 Naia barbata 4 617 325 7 73 
10 Nail behningi 104 16 119 
11 Nais brctschcri 138 802 207 312 1295 
12 Nais communis 274 3995 380 86 123 20 
13 Nais clinRuis 8 1644 147 23 53 
14 Nais partialis 80 484 19 377 3 
15 Nais pscudoptusa 30 573 73 103 
16 Nais variabilis 3 
17 Ophiodonaif serpentina 107 70 7 51 
18 Pristina acquiscta 14 27 10 
19 Pristina bilobau 8 6 17 7 
20 Pristina rosea 16 3013 3 
21 Rhyncheimis sp. 35 
22 Stylaria lacustris 12 88 
23 Srylodrilus heringeanus 14 
24 Tubifex tubifex 859 6 53 13 46 3 742 
25 Veidowskvella conista 3 
Tou l ind /m 1 5094 64 641 50 32 71 27 6727 
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Cri$ul Alb Crijul Negra R. Kettís-K. R. Hármas-K. 
Crij Brad Talagiu Alma; Ineu Ch. Crij Gyula Source P.Groza Tinca Borz near border Békés Inflow 
Fe g/kg 23,53 36,37 27,29 9,69 19,61 8,44 17,02 12,65 9,60 24,65 8,94 18,92 24,74 19,20 
Mn mg/kg 439,05 1995,40 1768,50 224,60 678,20 337,10 675,30 411,40 285,20 519,10 236,20 616,10 802,80 617,10 
Kjeldahl -N g/kg 2,72 2,85 2,69 0,13 3,55 0,29 0,54 1,70 0,71 0,63 0,21 1,25 1,57 0,99 
P g/kg 0,48 1,05 0,72 0,30 0,60 0,19 0,36 0,36 0,21 0,39 0,30 0,48 0,65 0,63 
Cd mg/kg 0,00 7,40 2,40 0,00 4,80 0,70 0,70 0,50 0,40 1,60 0,00 0,50 0,90 0,50 
Ni mg/kg 44,90 52,80 28,80 10,30 24,90 8,40 20,50 15,20 10,60 29,60 10,40 19,30 30,00 24,80 
Zn mg/kg 89,30 1139,20 307,00 42,40 328,10 59,50 107,20 69,80 37,80 242,60 23,40 75,80 137,00 116,40 
Pb mg/kg 25,30 79,90 63,00 13,50 116,10 28,00 35,60 35,00 21,00 58,70 8,80 98,20 43,00 29,80 
Cr mg/kg 17,30 38,20 22,90 4,50 13,50 7,20 12,70 11,50 6,90 16,80 5,50 13,70 24,50 23,50 
Cu mg/kg 41,10 377,90 126,20 6,00 117,20 23,40 26,00 27,00 12,50 50,30 5,30 24,60 50,90 27,90 
T»blc3 Chironomid fauna of the R Cn;ul Alb ( Fchfr-KflrO») 
Species 
Spring area Brad Ch. Cr i j Aciuja lncu Gyula 









1. Br ¡Ilia longifusca K 8 19 
2 Chironomus fluviátil is Lenz 11 
3. Chironomus plumosus Linnaeus 8 4 
4 Cladopelma laccophila K. 19 11 
5. Cladotanytarsus mancus Walle 4 4 
6 Conchapelopia pallidula Mg 4 15 
7. Cricotopus sylvestris Fabr. 8 
8. Crypt och ir o no m us de/ectus K 49 
9. Cryptochironomus redeket Krus. 4 38 23 15 
lO.Cryptotendipes anómalas K. 57 4 4 
/ I.Dicrotendipes nervosus Staeg. 19 
12. Dicrotendipes pulsus Walk. 8 
13. Dicrotendipes tritomus K. 4 
14 Einfeld ta insólita K 4 
15 Einfeld ta pectoral is K. 4 4 
16 Endochironomus intextus Walk 11 
17. Eukiefferiella coerulescens K. 4 
18. Krenopelopia binotata Wied 4 
19 Limnophies prolongatus K. 15 
20. Macropelopia nebulosa Mg. 4 42 
21 Micropsectra praecox Mg. n o 8 8 
22. Micropsectra trivial is K. 8 
23. Microtendipes chlor is Mg 4 4 
24 Orthocladius olivaceus K. II 
25 Orthocladius saxícola K. 4 8 19 
26. Parachironomtis arcual us Goetgh 23 
27 Parach ¡roño mus monochrom us v.d. Wulo II 
28 Parakieffenella bathophUa K 19 
29. Paralaulerborniella nigrohaltcralis Malí. 4 
30. Paratanytarsus lauterborni K. 4 4 4 8 
3/. Pentapedilum sordens v. d. Wulp 4 8 34 30 
32. Polypedilum m in utum Krug. 15 0 34 I I 23 
33. Polypedilum nubeculosum Mg. 4 4 23 II 
34 Polypedilum nuhtfer Skuse 8 
35 Polypedilum scalaenum Sehr. II IS 64 4 4 
36. Procladius choreus Mg. 4 15 
37. Psectrocladius barbimanus Edw. 446 4 
38 Rheocn cot opus effusus Walk 8 
39. Robackia demeijerel Krus 8 
40. Syndiamesa branickii Now 4 
41 Tanypus punctipennis Mg 19 
42. Tanytarsus curticornis K. 8 8 1 1 4 4 11 
43. Tanytarsus grcganus K. 4 
44. Thienemanniella flavescens Edw. 4 
45. Thienemanntmyia lentiginosa Fries 79 38 132 4 87 42 
Total ind /rn2 242 117 144 408 646 34 178 106 136 
Species richness II 12 6 15 10 5 10 10 11 
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1 ! 2 f l 2 I i i s i 5 i 2 1 I i 2 í i 
tnd U 
1 Aoaactrotanypua tnfasopannil Zatt IS 
2 Camptocrtrononaji untan» Fabr 4 
3 Cantooadius hücus IC 0 15 
a Ctnronomua Itmnatiha Len* 23 140 1 4 
5 Chironomus nptnua Mg 4 1 15 
6 CbKoprtm. laccocMa K 4 
7 Cladotanytartua mancua Wa8t 155 465 41 4 4 4 4 4 26 34 
8 Cknotanypus narvoaus Mg 4 
9 Cwvnonaura c d W M Win 1 
10 Carvnoneura lemnaa Frauentotü 4 
11. Cncolopus a l t x t e n w K. 4 
12 Cncotopus atganjm K 4 1 4 4 1 
13 Cncolopua arwJator Goetoh 1 
14 Cncotopus bionOus Mg ii 
15 Cncotopus (uscus K S 
16. Cncotopus sy+vostns Fatx 4 
17 Cncotopus tnsmu;us ünnaaus • 
16 Cncotopus Wfasoatus E9» IJ 15 1 4 26 
19 CfYPlodwononHi» ndakaé Knn 31 72 15 4 4 1 II 15 4 45 23 49 
20 dvptotendoas anont fus K. 4 4 
21 Damu yptoclMronomua vutneralu s ' • t t t i 
22. C t o o t a n d w rwvosus Staeg II II 8 72 
23 t*cn*end*»stntomus>C 1 || 125 4 4 
1A CtiifalHia MHnMia W t*. c in iwja pocio'a»» rv. 4 
25. EukWwiíta brevlcalcw K 
2« Euk»ltaneaa guadnd«ntala THwrd 19 
27 EutueffeneUa lsh©movskn Pankr s 
28 Glvutolendipe» cai*groaus 4 
29 Kisffwulus lanapadifonniB Goalgh 4 
30. Lamia lbv*» t Mg 4 
31 Umnophws proiongatus K. 15 
32 l*nnopí»aa pu&álus Eaton 1 
33. Mac/opetopta nebulosa Mg 4 30 15 a 11 - i , | ,„ . . . .a V m Moiriocnemus nygropouicus r» 4 
35. Moopaactra praacox Mg 4 • 4 II 19 4 4 4 4 
36 Microtand^es cNons Mg 1 II 
37 Nanodadius bicolor Zatt. 4 4 4 
3« Orthocladiu» aancota K_ II 90 4 4 a 8 4 II 19 19 
39 Orthodadw» INenenwviÉ K 23 < II 31 s II 4 15 8 11 
40 Paracftironomus arcuatua Goatgh 4 
41 Paradadius convarcus Waík 83 
42 Paradadopalma camptolabt» K 1 II 4 4 i 
. p - ... . I. .1. . i • L •. n m i l #o r j r i c a o o p e i i n ron rjro 8 
«4. ParakMfforwHa baWooMa K 5 
45. Paratendipos mtamwdius Tih. 4 4 4 19 
46 PatatandpM oonnandans Lipina 4 
47 Pentap«Bum sontara v d WUp 4 II 1 15 II 19 30 s 
48 Po(H»d.lum mmitum Knig 4 4 4 4 4 4 4 
49 Polypadikjm nubacutosum Mg 4 S 4 15 4 4 8 4 
50 PolypadAxn acaiaanum Sctif 26 4 4 4 4 196 15 II 1 64 ! 45 9« 13 242 17« 491 30 
51. Potmasba gaedi Mg 26 
52. Prccudua ctxxaua Mg II 26 « 4 
53 Prodadius convafius Walk 4 
54 Prod»a<nesa olivacaa Mg 4 79 
55 Paactrocladtua baftwnanu» Edw 4 
56 PMCtrocMus diatalus v 0 Wulp 125 4 4 4 8 
57 Symposiociadnja hgmcda K 15 
56 Tanypus punctipannls Mg 4 
59 Tanytaraus curticomis K 4 1 4 
60 Tanytarsus gtadaantus Holmgr 19 
61 Tanytanui graganus K 4 4 42 4 15 19 
62 ThienemannieJta vittata Edw 4 
63 Thienamaivwnyia lenbgu>osa F n w 4 4 II 1 4 4 4 4 4 
64 Trtssodadius fluviattis Go«tgn 31 
Total .nd ím2 261 139 SI M ) 68 0 ti 76 t i 42 227 5) 125 ft 147 30 1$ 536 332 208 9S ."Jl 213 45 
Speoas nchness II 1 10 1 6 4 0 J 5 3 6 8 7 10 11 13 5 4 22 17 11 4 3 13 1 4 
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Table 8. Individual density and species richness 
of the Chironomids in the Körös River System 
Rivers R. Kettös-Körös R. Hármas-Körös 
s amp l ing p laces Sarkad Békés Csongrád 


















1. Cladotanytarsus mancus Walk. 11 
2. Cryptochironomus redekei Krus. 8 
3. Cryptotendipes anomal us K. 8 
4. Dicrotendipes nervosus Slaeg. 4 
5. Dicrotendipes pulsus Walk. 4 
6. Dicrotendipes tritomus K. 4 
7. Einfeldia carbonaria Mg. 4 
8. Macropelopia nebulosa 4 
9. Macropelopia notata Mg. 72 
10. Micropsectra praecox Mg 11 
11. Paracladopelma camptolabis 4 
12. Polypedilum nubeculosum Mg. 4 
13. Procladius choreus Mg. 19 4 
14. Rheotanytarsus curtistylus Goetgh. 15 
Total ind./m2 8 15 144 8 0 
Species richness 2 3 8 2 0 
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1. Ablabesmyia monilis Lirmaeus 8 
2. Cladotanytarsus mancus Walk. 4 1 
3. Clinotanypus nervosas Mg. 4 
4. Cricolopus fuscus K. 4 
5. Euhefferiella brevicalcar K. 49 
6. Euhefferiella clypeata AL 15 
7. Euhefferiella ishernovskii Pankr 8 
8. Krenopelopia binotala Wied. 8 
9. Lenzia flavipes Mg 4 
10. Limnophies hydrophilus Goetgk 4 
11. Limnophies pusillus Eaton 8 
12. Macropelopia nebulosa Mg. 4 4 8 
13. Micropsectra praecox Mg. 94 8 8 4 
14. Microtendipes chloris Mg 4 
15. Nanocladius bicolor Zett. 11 
16. Orthocladius saxícola K 19 4 15 11 8 11 
17. Orthocladius ihienemanni K 30 113 26 23 
18. Paracladopelma camptolabis K. 4 
19. Paratendipes inlermedius Tsh. 4 
20. Pentapedilum sordens v. d. Wulp 15 4 4 11 4 
21. Polypedilum minutum Krug. 1 4 
22. Polypedilum nubeculosum Mg. 4 4 
23 Polypedilum scalaenum Schr. 4 4 
24. Prodiamesa oliváceo Mg 11 IS 11 11 
25. Psectrocladius barbimanus Edw 4 4 
26. Psectrocladius dilatatus v. d. Wulp 23 15 
27. Psectrocladius simulons Joh. 19 
28. Tanytarsus curticornis K 4 
29. Tanytarsus gregarius K. 4 4 
30. Thienemamimyia lentiginosa Friti 11 IS 8 
31. Trissopelopia tonginuma Staeg. 4 
Total ind. /m2 193 12 8 19 34 34 179 136 117 15 
Species richness 9 3 2 3 6 5 7 10 12 2 
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T a b l e 10. C h i r o n o m i d s p e c i e s a b u n d a n c e 
and d o m i n a n c e in the R. Criyul A l b ( F e h é r - K ö r ö s ) 
S p c c i e s D o m i n a n c e A b u n d a n c e 
% % 
P s e c t r o c l a d i u s b a r b i m a n u s E d w 2 2 , 3 7 0 4 9 9 2 2 , 2 2 2 2 2 2 
T h i e n e i n a n n i m y i a l e n t i g i n o s a Fr i e s 1 8 , 9 8 6 7 2 6 1 1 , 1 1 1 1 1 1 
M i c r o p s e c t r a p r a e c o x M R . 6 , 2 0 3 5 8 3 9 2 2 , 2 2 2 2 2 2 
P o l y p e d i l u m s c a l a e n u m Sehr. 4 , 8 8 7 6 7 2 1 2 2 , 2 2 2 2 2 2 
P o l y p e d i l u m m i n u t u m Krug. 4 , 1 3 4 2 2 9 3 2 2 , 2 2 2 2 2 2 
C r y p t o c h i r o n o m u s redeke i Krus . 3 , 9 4 7 7 3 5 2 2 2 , 2 2 2 2 2 2 
P e n t a p c d i l u m s o r d e n s v. d. W u l p 3 , 7 5 9 7 4 7 8 1 1 , 1 1 1 1 1 1 
C r y p t o t e n d i p e s a n o m a l u s K . 3 , 1 9 5 7 8 5 6 1 1 , 1 1 1 1 1 1 
C r y p t o c h i r o n o m u s d e f e c t u s K . 2 , 4 4 3 8 3 6 1 4 4 AAAAAA 
Tanytarsus curt icornis K . 2 , 2 5 5 8 4 8 7 3 3 , 3 3 3 3 3 3 
M a c r o p c l o p i a n e b u l o s a M R . 2 , 2 5 5 8 4 8 7 2 2 , 2 2 2 2 2 2 
P o l y p e d i l u m n u b e c u l o s u m M R . 2 , 0 6 7 8 6 1 3 1 1 , 1 1 1 1 1 1 
C l a d o p e l m a l a c c o p h i l a K. 1 , 5 0 3 8 9 9 1 1 1 , 1 1 1 1 1 1 
O r t h o c l a d i u s s a x í c o l a K. 1 , 5 0 2 9 0 3 6 1 1 , 1 1 1 1 1 1 
Bri l l ia lonRi fusca K. 1 ,32 2 2 . 2 2 2 2 2 2 
P a r a c h i r o n o m u s arcuatus G o e t g h . 1 , 1 2 7 9 2 4 3 1 1 , 1 1 1 1 1 1 
C o n c h a p e l o p i a pa l l idula M g . 0 , 9 3 9 9 3 7 1 1 , 1 1 1 1 1 1 
D i c r o t e n d i p e s n e r v o s u s S taeg . 0 , 9 3 9 9 3 7 1 1,11 1 111 
Parakie f fer ie l la bathophi la K. 0 , 9 3 9 9 3 7 1 1 , 1 1 1 1 1 1 
Paratanytarsus lauterborni K . 0 , 9 3 9 9 3 7 2 2 , 2 2 2 2 2 2 
Proc lad ius c h o r e u s M g . 0 , 9 3 9 9 3 7 3 3 , 3 3 3 3 3 3 
T a n y p u s punc t ipenn i s M g . 0 , 9 3 9 9 3 7 1 1 , 1 1 1 1 1 1 
L i m n o p h i e s pro longatus K. 0 , 7 5 1 9 4 9 6 2 2 , 2 2 2 2 2 2 
C h i r o n o m u s f luv ia t i l i s L e n z 0 , 5 6 3 9 6 2 2 1 1 , 1 1 1 1 1 1 
E n d o c h i r o n o m u s intextus W a l k . 0 , 5 6 3 9 6 2 2 3 3 , 3 3 3 3 3 3 
Orthoc lad ius o l i v a c e u s K. 0 , 5 6 3 9 6 2 2 1 1 , 1 1 1 1 1 1 
P a r a c h i r o n o m u s m o n o c h r o m u s v .d . W u l p 0 , 5 6 3 9 6 2 2 11,1 1111 I 
C h i r o n o m u s p l u m o s u s L i n n a c u s 0 , 5 6 3 9 6 2 2 1 1 , 1 1 1 1 1 1 
C r i c o t o p u s s y l v e s t r i s Fabr. 0 , 3 7 5 9 7 4 8 1 1 , 1 1 1 1 1 1 
D i c r o t e n d i p e s p u l s u s Walk . 0 , 3 7 5 9 7 4 8 4 4 4 4 4 4 4 4 
E i n f e l d i a pec tora l i s K. 0 , 3 7 5 9 7 4 8 4 4 , 4 4 4 4 4 4 
M i c r o p s e c t r a tr iv ia l i s K. 0 , 3 7 5 9 7 4 8 4 4 4 4 4 4 4 4 
M i c r o t e n d i p e s c h l o r i s M g . 0 , 3 7 5 9 7 4 8 4 4 , 4 4 4 4 4 4 
P o l y p e d i l u m nubi fer S k u s e 0 , 3 7 5 9 7 4 8 1 1 , 1 1 1 1 1 1 
R h e o c r i c o t o p u s e f f u s u s W a l k . 0 , 3 7 5 9 7 4 8 5 5 , 5 5 5 5 5 6 
Cladotanytarsus m a n c u s W a l k . 0 , 3 7 5 4 7 7 2 2 , 2 2 2 2 2 2 
R o b a c k i a d e m e i j e r e i Krus. 0 , 3 7 4 9 7 9 3 2 2 , 2 2 2 2 2 2 
D i c r o t e n d i p e s t r i tomus K . 0 , 1 8 7 9 8 7 4 1 1 , 1 1 1 1 1 1 
E i n f e l d i a insó l i ta K . 0 , 1 8 7 9 8 7 4 11 ,111 i 11 
K r e n o p e l o p i a binotata W i e d . 0 , 1 8 7 9 8 7 4 1 1,111 111 
Paralauterbornie l la n igrohal tera l i s M a l í . 0 , 1 8 7 9 8 7 4 1 1,111 11 1 
S y n d i a m e s a branicki i N o w . 0 , 1 8 7 9 8 7 4 6 6 , 6 6 6 6 6 7 
Tanytarsus gregar ius K. 0 , 1 8 7 9 8 7 4 1 1 , 1 1 1 1 1 1 
T h i e n e m a n n i e l l a f l a v e s c e n s E d w . 0 , 1 8 7 9 8 7 4 1 1 , 1 1 1 1 1 1 
E u k i e f f e r i e l l a c o e r u l e s c e n s K. 0 , 1 8 7 4 8 9 6 6 6 , 6 6 6 6 6 7 
1 0 0 , 0 0 4 8 1 1 0 0 
Tabic 11. Chironotnid species abundance 
and dominance in the R Cri?ul Ncgru (Fekete-KOrOs) 
D o m i n a n c e A b u n d a n c e 
Spec ic i % % 
Pnlypedilum nuhcc ulium K/g 3 1 , 5 3 11,11 
Cryptutendipes anomalus K. 12,43 11,11 
Thienemannimyia lentiginosa Fries 10 ,39 11,11 
Polypedilum minutum Krug 9 . 8 6 11.11 
Eukiefferlella tshemovskit Pankr. 5 . 1 9 11,11 
Prodiamcsa alivaceu Mg: 4 , 4 5 11.11 
Polypedilum scalaenum Sehr. 2 . 6 0 2 2 . 2 2 
Pentapedilum sordens V d Wulp 2.41 11,11 
Pmdudlus chorvus Mg 1.67 11,11 
Cladotanytarsus maneus Walk. 1.48 11,11 
Micropsectra triviális K. 1.11 2 2 . 2 2 
Orthocladius olrvaceus K. l . U 2 2 , 2 2 
Paratauterhomiella nigmhalieralix Matt. 1.11 11.11 
Demicryptochirt»nomus vulneratus Zeit 0 , 9 3 11.11 
Psectracladius harhimanus Edw 0 . 9 3 11,11 
Chironomus J.luviatttis Lenz 0 , 7 4 11.11 
Conchapelopia palltdula Mg 0 , 7 4 11.11 
Microtendipes pedellus de Geer 0 ,74 11,11 
Orthocladius saxicola K. 0 , 7 4 2 2 . 2 2 
Tartypus puneiipennis Mg. 0 , 7 4 11.11 
Tanytarsus gracillentus Holmgr. 0 , 7 4 11.11 
Propxilocerus danuhialls Bntnariuc et Alhu 0 . 5 6 11,11 
Tanytarsus curticornis K. 0 , 5 6 11.11 
Tanytarsus gregarlus K. 0 , 5 6 11,11 
Brilllu longl/usca K. 0 , 3 7 11,11 
Chirvnomus r ipar tus Mg. 0 . 3 7 11.11 
Cryptnchimnnmus redekei Krus. 0 . 3 7 2 2 , 2 2 
Eukiefferlella longicalcar K. 0 . 3 7 11.11 
Eukiefferlella simillx Goetgh 0 . 3 7 4 4 , 4 4 
Macropetopia nehulosa Mg 0 , 3 7 11,11 
Metriocnemus hygrttpeiricus K 0 , 3 7 33 .33 
Paractadopelma camptolahis K 0 . 3 7 4 4 , 4 4 
ParaiunyiarstLK lauterhorni K. 0 , 3 7 2 2 , 2 2 
Protanypus maritt Zett. 0 , 3 7 1 1 . 1 1 
Synorthocladius semlvirens K. 0 . 3 7 1 1 , 1 1 
Trlssopelopla longimana Staeg. 0 , 1 9 33 ,33 
Arctopelopia sp. 0 , 1 9 2 2 , 2 2 
Brillia mndestu Mg. 0 , 1 9 11,11 
Briophacnocladius nitldicallis Goetgh 0 , 1 9 11.11 
C'rlcolopu.r hicinctus Mg. 0 , 1 9 1 1 . 1 1 
Cricotopux Irlfascia Edw. 0 . 1 9 11.11 
Dlerntendipes nervosus Staeg. 0 . 1 9 2 2 , 2 2 
Limnophies pusitlus Eatan 0 , 1 9 1 1 . 1 1 
Micrnpseetra praecox Mg. 0 , 1 9 3 3 . 3 3 
Microiendipes chlortr Mg 0 , 1 9 1 1 . 1 1 
Parakiefferiella haihophila K. 0 , 1 9 2 2 , 2 2 
Potthastia longimana K. 0 , 1 9 11,11 
Tanytarsus arduenriw Goetgh 0 , 1 9 2 2 . 2 2 
Thlenemanniella davtearnta K. 0 , 1 9 11,11 
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Table 12 Abundance and dominance of the Chironomid species 




Putyptdtlum scalaenum Schr. 31,87 3,85 
Cladotanytarsus maneta Walk. 16,30 3.85 
Cryptochtronomus redeket Kna 6,26 7.69 
Orlhocladius saxícola K. 4,19 15,38 
Chironomus fluvutíilts Ltnz 3,79 11,54 
Otcrotendtpes Iriiomus K. 3,29 3.85 
Psectrocladlus dtlolatus v d Wulp 3.13 42,31 
Orlhocladius thlenemannt K. 2,88 3,85 
2,32 3,85 
Dicrolendtpes nervosas Slaeg 2,22 3.85 
Tanytarsus ¿rebanas K. 1,89 3,85 
Prodtamesa olivácea Mg 1.81 19.23 
Paracladius converjas 1Valí 1.81 3,85 
Cncotopus tnfascialus Edw. 1.48 3.85 
Mtcropsectra praccox Mg. 1.32 3.85 
Mocropelopta nebulosa 1,07 3.85 
l'nlipedilum nubeculalum Mg. 1,07 3,85 
Procladius choreus Mg. 1,07 19,23 
Thltnemanmmyia Itnligtnoso Fríes 0.99 46,15 
Trusocladtas fluvtantis (Joelgh 0,82 7,69 
Paracladopelma camplolabu K 0,74 3.85 
Parotendipes intermedias Tsh 0,66 15,38 
Polypedllum minulum Krug. 0,58 19,23 
Potthastia gaedt Mg. 0,58 3.85 
Chlronamas riparias Mg 0,58 3,85 
Cncotopus algaram K 0,58 3,85 
Microtendtpes chlons Mf. 0,49 3,85 
Eaheffenella ifuodndenlala Tshem 0,41 3,85 
Tanytarsus gracillenlus Holmgr 0,41 3,85 
Apsectrotanypus Infascipennis Zett. 0.33 3.85 
Cardtoclodtus fuscas K 0.33 3.85 




Cncotopus biclncms Mg 0,25 34.62 
Demlcryptochironomus vulnéralas ZelL 0,25 11,54 
Nanoclodtui bicolor Zetl. 0.25 11,54 
C.orynoneura celenpes Wtn. 0,16 42,31 
CncotopusJascas K. 0,16 38,46 
i ryptolendtpes anómalas K. 0,16 3.85 
Eaktefferlella brrvlcalcar K 0.16 3,85 
Eaklefferlella tshemovsUt Pankr 0,16 19,23 
Paracladopelma rolll Kltp. 0,16 3,85 
Cncotopus annulalor Guelgh 0,16 3,85 
Cncotopus trémulas Unnoeas 0,16 15,38 
Umnophies pasillos Faton i 0,16 3.85 
Parakteffenella bathophila K. 0.11 30,77 
Camptochironomus lenlarn Fabr. 0,08 26,92 
Clodopelma laccophlla K. 0,08 30,77 
Chnoumyptu nervosas Mg. 0,08 69,23 
Corynoneura lemnae Fraaenfeld 0,08 3,85 
Cncotopus atbtforceps K 0,08 15,38 
Cncotopus syivestns Fabr. 0,08 3.85 
Flnfeldta pectoral Is K 0,08 3,85 
Glyplolendtpcs cauligjntllus 0,08 3.85 
KieJJenilus lendtpedi/ormis Goetgh 0,08 19,23 
Lenzla flavtpes Mg. 0,08 3.85 
Metnocnemus hygropetncus K. 0,08 3.85 
Porachironomus orevotus (joelgh 0,08 11,54 
Patatendjpes connenctens Ltptna 0,08 3.85 
Proclathas conversas Walt 0,08 23,08 
Psectrocladlus barbimonas Edw 0,08 3,85 
Tanypus punclipemis Mg. 0,08 34,62 
Thlenemanmella viltata Etbe 0,08 3.85 
Thienemarwaella vtnata Edw 0,08 3,85 
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Table 13. Chironomid species dominance 
tributaries of the R. Crigul Re 
and abundance in the 
pede- 1995. 
Dominance | Abundance 
Species % 
Orthocladius thienemanni K. 25,82 10,00 
Micropsectra praecox Mg. 15,18 20,00 
Orthocladius saxícola K. 9,14 10,00 
Eukiefferiella brevicalcar K. 6,58 10,00 
Prodiamesa olivacea Mg. 6,54 10,00 
Pentapedilum sordens v. d. Wulp 5,12 10,00 
Psectrocladius dilatatus v. d. Wulp 5,06 10,00 
Thienemannimyia lentiginosa Fries 4,56 10,00 
Psectrocladius simulans Joh. 2,53 10,00 
Eukiefferiella clypeata K. 2,03 10,00 
Macropelopia nebulosa Mg. 2,02 10,00 
Nanocladius bicolor Zett. 1,52 20,00 
Psectrocladius barbimanus Edw. 1,07 40,00 
Ablabesmyia monilis Linnaeus 1,01 10,00 
Eukiefferiella tshernovskii Pankr. 1,01 10,00 
Krenopelopia binotata Wied. 1,01 60,00 
Limnophies pusillus Eaton 1,01 40,00 
Polypedilum nubeculosum Mg. 1,01 40,00 
Polypedilum scalaenum Sehr. 1,01 40,00 
Tanytarsus gregarius K. 1,01 50,00 
Cladotanytarsus mancus Walk. 0,64 10,00 
Clinotanypus nervosus Mg. 0,54 20,00 
Cricotopus fuscus K. 0,51 20,00 
Lenzia flavipes Mg. 0,51 40,00 
Limnophies hydrophilus Goetgh. 0,51 20,00 
Microtendipes chloris Mg. 0,51 20,00 
Paracladopelma camptolabis K. 0,51 10,00 
Paratendipes intermedius Tsh. 0,51 10,00 
Polypedilum minutum Krug. 0,51 20,00 
Tanytarsus curticornis K. 0,51 30,00 
Trissopelopia longimana Staeg. 0,51 10,00 
100,00 100,00 
Table 14. Diversity of the the examined rivers by the chironomid fauna 
R. Criçul Alb (Fehér-K)-l 994 River C. Repede (S.-Körös) - July, 1995. 
Source area main current 0,45 Source area near the bank 0,61 
near the bank 0,65 main current 0,41 
fresh alder leaves in water 0,48 Alejd near the bank 0,42 
Brad navvy holes 0,66 2 ms from the bank 0,53 
main current 0,37 near the bank 0,22 
Ch. Cris main current 0,46 26 ms from the bank 0,31 
Bologa near the bank 0,00 
R. C. Negro - Fekete-K. (1994.) 2 ms from the bank 0,33 
Source area near the bank 0,42 main current 0,40 
gravels 0,56 H. St. Vale near the bank 0,49 
P. Groza sandy sediment 0,00 Ciucea right side bank 0,42 
gravels 0,54 main current 0,48 
Borz clay and gravels 0,64 left bank 0,19 
Tinca phytotecton 0,29 2 ms from the left bank 0,53 
Zerind main current 0,1694 near the bank 0,61 
near the left bank 0,3675 Osorhei near the bank 0,70 
Alma; near the rigt bank 0,50 6 ms from the bank 0,59 
Ineu near the bank 0,56 main current 0,45 
River Kettös-K. near the bank 0,50 
Gyula clay 0,65 2ms from the bank 0,73 
Sarkad clay 0,21 Fugiu main current 0,67 
Békés left bank 0,31 main current 0,59 
R. Hármas-K. Cheresig near the bank 0,18 
Csongrád left bank 0,09 2ms from the bank 0,15 
main current 0,21 main current 0,48 
qualitative 0,31 
DrSgan Stream near the bank 0,33 
gravels 0,21 
near the bank 0,29 
main current 0,48 
lad Stream near the bank 0,43 
2 m from the side 0,39 
main current 0,57 
near the bank 0,70 
Zama Stream near the bank 0,17 
Szeghalom near the bank 0,30 
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Freshwater molluscs from the Cri§/Körös' rivers 
Andrei Sárkány-Kiss, Flor ina Bolo§ & Eszter Nagy 
Abstract 
The authors studied the communities of fresh-water molluscs in Cri$/K6ros Rivers. 
According to the prelevance of the species and to the composition of the communities, they 
draw an inference concerning the condition of the water. The negative influence of 
pollution and of hydrotechnical works upon molluscs is very emphasized. The authors call 
attention to the importance of the relict mollusc fauna in the thermal springs of Cri$/K6ros 
Basin and they also underline the necessity of their protection. At some sites the unionids 
have a high diversity, but are indicated also cases of mortality. 
K e y w o r d s : Bivalvia, Unio crassus, dynamic of growth. 
Introduction 
Freshwater molluscs from the three Cri§ rivers haven't been much researched so far. 
Literature indicates only a few species without mentioning their sites. Grossu (1962,1986, 
1987, 1993 ) described various species from the Cri§ rivers without mentioning their sites. 
Richnovszki, Pintér (1979) and Pintéret all. (1977) summarised several researches data and 
described the freshwater mollusc fauna from the Hungarian regions of the Körös rivers. 
There hasn't been any study to examine these rivers from their spring to their discharges 
into the Tisza river. 
Material and Methods 
Samples were collected from the three Cri§ rivers and the Barc5u/Berettyo river all 
along their reaches for many years. The Cri$ul Negru/Fekete-Kor6s was partially 
I The first name is Romanian, and the second Hungarian. 
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researched in 1985, Crijul Alb/Feher-Koros on Romanian territory in 1993. Crijul Negru 
and Crijul Alb were examined all through their lengths in 1994 on the occasion of the 
ecological expedition. Cri§ul Repede/Sebes-Koros and the BarcSu river were examined in 
1995. In 1995 we went back to Crijul Alb to check most of the samples from the previous 
years. The molluscs were collected either by hand or by means of various implements: 
shell-sake, rectangular and triangular dredges, limnological net, Peterson and Eckman 
bottom-samplers and with a surber. The research aimed mainly at the riverbeds and only 
occasionally at their flood areas. 
Results and Discussion 
The identified species of the Cri$ul Alb river are indicated in Table 1. From the spring 
down to the site at MMileni the river shows the characteristics of a mountain brook. Such 
species as Ancylusfluviatilis and - in the slow-flowing parts of this reach of the river - Radix 
peregra can be found here. At Mihaileni the building operations of the dam-lake have 
perturbed the river-bed and as a result the favourable living conditions of the Ancylus 
fluviatilis have disappeared. The river after Brad was found polluted with industrial and 
household waste water; this pollution caused the disappearance of all the molluscs from the 
river-bed. Although the structure of the river-bed and of the sediments are compatible with 
the existence of the unionid shells, these probably disappeared because of the pollution. 
Down to Alma§ (site 5) we can only find more resistant species like Radix peregra and 
Galba truncatula. The process of natural purification re-establish the favourable conditions 
for Ancylus fluviatilis which reappears from this site on. At site 5 we first found the 
unionids represented by the species Unio crassus, living in small groups close to the 
riverbanks. At Ineu site we noticed a significant diversity and abundance of unionids: an 
average 63 specimens on Im" at the examined site. At Chi§inau-Cri§ the bad effects of the 
dam-system are relevant in the increase of the course speed and in the accumulation of the 
rough sediments; these two phenomena restrict the living conditions of the shells. The Unio 
crassus is the only species which has adapted to these conditions. From Gyula the water 
recovers it slow flowing character, contributing to the appearance of the Anodonta 
cygnaea, however the silty sediments generate the processes of putrefaction, which breaks 
up the area of the unionids from the river-bed. Normally the Pseudanodonta complanata 
should inhabit the entire lower reach of the river. But the hydrotechnical operations and 
their consequences hinder this possibility. 
Cri$ul Negru (Table 3.) shows a similar state as that of Crijul Alb: the upper reach is 
inhabited by Ancylus fluviatilis, and a polluted section follows after site $tei which 
interrupts the area of this species. The straight at Borz promotes the processes of natural 
purification of the water and thus the appearance of a relatively diverse malacofauna. The 
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T a b l e 1. Range of the mollusc species in the Cri$ul Alb/Fehir -Koros river. 
Sampling Points Index: 1 = Cri?; 2 = Mihiileni; 3 = Brad; 4 = Acinfa; 5 = Alma$; 6 = Ineu; 
7 = Chi$in5u Cri$; 8 = Gyula. In the table 0 = occurance in the flood area; + = presence in 
the riverbed. 
No. Species 1 2 3 4 5 6 7 8 
1 Viviparus acerosus Bourg. + 
2 Litoglyphus natieoides C. Pfeiff. + + + + 
3 Bithynia tentaculata L. 
4 Physa acuta L. + 
5 Lymnaea stagnalis L. 0 0 
6 Stagnicola palustris O.F.Müll. 0 
7 Radix auricularia L. + + + 
8 Radix peregra O.F.Müll. + + + 
9 Galba truncatula O.F.Müll. + + + 
10 Ancylus fluviatilis O.F.Müll. + + 
11 Planorbis planorbis L. 0 0 0 
12 Planorbarius corneus L. 0 0 
13 Succinea oblonga Drap. 0 0 
14 Unio pictorum L. + 
15 Unio tumidus Philips. + 
16 Unio crassus Philips. + + + + 
17 Anodonta cygnaea L. + 
18 Anodonta anatina L. + 
19 Anodonta woodiana Lea + + 
20 Pseudanodonta complanata 
Rossm. 
+ 
most diverse association of unionids (5 species) were found at Tinea site. At Zerind site the 
dam-system and the river regulation again affect negatively the diversity of the 
malacofauna. Some sections of slower course, however, favour the settling of the Bithynia 
lenlacula and Viviparus acerosus. Two species registered on the red list of freshwater 
molluscs as endangered species, the shells Sphaerium corneum and Sphaerium riviculum 
were identified here. From Gyula on, abundant populations of the adventive species of 
Anodonta woodiana and Physa acuta could be examined. Onwards and down to its 
discharge into the Tisza river, Cri§ul Negru shows a canal-like character, its dams shape a 
river-bed resembling a ditch. 
Cri$ul Repede (Table 2.) is profoundly affected by the hydrotechnical operations 
which have completely changed the original river-bed. In the submontane section - where 
the Cri§ springs, no species of molluscs have been found because of the particular 
hydrotechnical conditions, accompanied by residual household water entering the river at 
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Table 2. Range of the mollusc species in the Cri$ul Repede/Sebes-Kor6s river. 
1 = Zema; 2 = DrSgan; 3 = lad Remefi; 4 = lad upstream of the confluence; 5 = §aula; 6 = Bologa; 7 = Ciucea; 8 = Stana de Vale; 
9 = Vadu Crijului; 10 = Ale$d, upstream of the lake; 11 = Ale$d lake; 12 = Alejd, downstream of the lake; 13 = Fughiu; 14 = Cheresig; 
15 = Szeghalom. In the table 0 = occurence in the flood area; + = presence in the riverbed. 
No. Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 Viviparus acerosus Bourg. + 
2 Viviparus contectus Mill. + 
3 Litoglyphus naticoides C. Pfeiff. + + 
4 Bithynia lenlaculata L. + + 
5 Physa acuta L. + 
6 Stagnicola palustris O.F.Müll. + 
7 Radix auricularia L. + 0 + + + 
8 Radix peregra O.F.Müll. + + + 
9 Ancylus fluviatilis O.F.Müll. + + + + + + 
10 Planorbis planorbis L. + + 
11 Gyraulus albus O.F. Müll. + 
12 Succinea putris L. 0 0 
13 Unio pictorum I. + 
14 Unio tumidus Philips. + + 
15 Unio crassus Philips. + + + 
16 Anodonta cygnaea L. + + 
17 Anodonta anatina L. + 
18 Anodonta woodiana Lea + + + 
19 Pisidium amnicum O.F.Müll. + + 
20 Sphaerium riviculum Lam. + 
21 Sphaerium lacustris O.F.Müll. + 
T a b l e 3 . Range of the mollusc species in the Crijul Negru/Fekete-Körös river, Kettős-
Körös river and Hármas-Körös river. 
Sampling sites: Cri$ul Negru: 1 = Poiana; 2 = downstream Poiana; 3 = §tei; 4 = Borz; 
5 = Tinea; 6 = Zerind; 7 = Gyula; Kettős-Körös: 8 = Békés; Hármas-Körös: 9 = Szentes 
No Species 1 2 3 4 5 6 7 8 9 
1 Theodoxus fluviatilis L. + 
2 Viviparus acerosus Bourg. + + + + 
3 Litoglyphus naticoides C. Pfeiff. + + + + 
4 Bithynia tentaculata L. + 
5 Bithynia leachi Schepp. + 
6 Physa fontinalis L. + 
7 Physa acuta L. + + 
8 Lymnaea stagnai is L. + + 
9 Radix ovata Drap. + + + 
10 Radix peregra O.F.Müll. + 
11 Galba truncatula O.F.Müll. + 
1 2 Ancylus fluviatilis O.F.Müll. + + + 
13 Planorbisplanorbis O.F.Müll + + + 
14 Planorbarius corneus L. + + 
15 Unio pictorum L. + + 
16 Unio tumidus Philips. + + + + 
17 Unio crassus Philips. + + + + + + 
18 Anodonta cygnaea L. + 
19 Anodonta anatina L. + + + 
20 Anodonta woodiana Lea + + + + 
21 Pseudanodonta complanata Rossm. + 
2 2 Dreissena polymorpha Pall. + 
23 Pisidium amnicum O.F.Müll. + 
24 Sphaerium corneum Lam. + + 
25 Sphaerium riviculum L. + 
this section. The river here has a rapid flow and a stony river-bed where only Ancylus 
fluviatilis can survive. 
In the DrSgan Creek we found a very abundant population of Pisidium amnicum, 
starting from the discharge of the Zerna brook into the DrSgan dam-lake, along the DrSgan 
Valley to its discharge. In the Cri§ Strait the high speed (1 ,5 m/second) of the water makes 
it impossible for any species of molluscs to settle into the river. Before Ale?d the river starts 
to reflect the bad effects of the waste water, but the rapid flow assures a significant increase 
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T a b l e 4. Range of mollusc species in the BarcSu/Berettyo river 
Codes of the sampling sites: 1 = downstream the spring; 2 = Boghi§; 
3 = Suplacu de BarcSu; 4 = Santimreu; 5 = Szeghalom 
+ = living individuals; ± = recently dead individuals. 
No. Species 1 2 3 4 5 
1 Viviparus contectus Mill. + 
2 Litoglyphus naticoides C. Pfeiff. + 
3 Bithynia tentaculata L. + 
4 Radix peregra O.F.Miill. + + 
5 Ancylus fluviatilis O.F.Miill. + + 
6 Planorbis planorbis O.F.Miill. + 
7 Planorbarius corneus L. + 
8 Unio crassus Philips. + 
9 Anodonta cygnaea L. ± 
10 Sphaerium riviculum L. + 
in oxygen and preserves the submontane aspect of the river. The first dam-lake is situated 
after Ale?d. In the fresh sediments of the lake we found an specimen of Anodonta cygnaea, 
which probably will multiply here. In the old river-bed we found species which had 
populated the flood area some time before: Physa acuta, Radix auricularia, Stagnicola 
palustris and Planorbis planorbis. The old river-bed has an extremely reduced amount of 
water, because the water is directed towards the new river-bed with cemented banks; on the 
other hand, the reduced amount of water assures favourable conditions for the molluscs. At 
Fughiu an other dam-lake is being built, the constructions have significantly modified the 
natural river-bed. However in some sections there are abundant associations of Unio 
crassus, Anodonta woodiana and in a small quantity of Anodonta anatina. Although past 
Oradea, at Cheresig we noticed the bad effects of dirty water, we found many species of 
molluscs: Sphaerium riviculum, Sphaerium lacustris, Unio tumidus, Unio pictorum, etc. At 
Szeghalom the river slows down, and so the following Gastropod species appear: Viviparus 
acerosus, Viviparus contectus, Litoglyphus naticoides, Bithynia tentaculata, Planorbis 
planorbis, Gyraulus albus, etc. The abundance of the unionids is reduced because of 
eutrophic and polluted water. In the autumn of 1996 we observed here at this site as well a 
mortality of 10-15%. 
The connecting canal of the Cri§ rivers used to be populated by its only species, the 
Anodonta woodiana in large numbers, but by the time of the research, a huge mortality rate 
was noticed. We think this is the consequence of the dry years when the canal wasn't 
refilled with fresh water. 
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Cefa fish-ponds. The fauna of molluscs of the 1000 ha wide Cefa fish-ponds is quite 
rich but it has not been studied in detail so far. It is this place where the species Anodonta 
woodiana first penetrated in Europe together with fish introduced from China in 1960 and 
1962 (Sárkány 1986). This species got later as far as the Tisza and Danube with the 
mediation of Cri§/Körös Rivers. 
Kettős-Körös and Hármas-Körös. Beside the euribiontic species, Theodoxus 
fluviatilis and Dreissena polymorpha coming from the Tisza river can be found at Szentes. 
In the Cri§ Basin there are two other important regions with thermal water which have 
preserved some relict mollusc species: 
1. Episcopejti Baths. Apart from the endemic species of Melanopsis parraeyssi Phil. 
(Paucá, 1936) we can find Theodoxus prevostianus and several cosmopolitan species. 
2. In the thermal springs and in the brook at Rábágani the significant species are: 
Thedoxus prevostianus and Fagotia acicularis, and some other common species (Jurcsák, 
1969). 
The Barcáu river (Table 4.), from the spring and to Boghi?, has a characteristic 
submontane mollusc fauna. Here we find the Ancylus fluviatilis and Radix peregra species, 
and sporadic specimens of Unio crassus also. 
Above Suplacu de Barcáu and until Sántimreu we didn't find living molluscs. In this 
region the river is polluted with petrol and waste water. 
At Sántimreu we found some living specimens of Sphaerium riviculum. 
At Szeghalom, beside the euribiontic gastropod species we identified a 2 years old 
dead specimen of Ancylus fluviatilis, its soft body was still in its shell. 
Conclusions 
The rivers in the Cri§ Basin suffer from the pollution and the hydrothermical works. 
Thus, the biodiversity of the freshwater molluscs is in general reduced. In the case of 
unionids the situation is more favourable at Ineu (Crijul Alb) and at Tinea (Cri§ul Negru). 
The polluted river sections at Brad (Cri$ul Alb) and at $tei (Cri?ul Negru) break up or 
reduce the spreading area. 
The lower sections of the rivers, where the dams are too close to the river-bed, make 
the flood area disappear, which has damaging effects on the freshwater molluscs. 
The presence of the dam-lakes on the Cri§ul Repede accelerates the process of 
eutrophication and completely changes the composition of the malacological fauna. The 
cemented river-beds are disadvantageous to living beings. 
The phenomena of mortality, often noticed on Cri$ul Alb and Cri§ul Repede prove the 
presence of xenobiontic elements in the polluted water. 
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Structure and aspects of dynamic of the unionid 
associations of the Cri§ul Alb/Feher-Koros1 river at Ineu 
Andrei Sárkány-Kiss 
Abstract 
The author examined the dynamic of growth of the Unio crassus species in Cri§ul 
Alb/Fehér Körös river before Ineu. In 1994 there were lifted out 800 samples of a 1 m wide 
cross-section of the river, they were numbered and then put back into the river. In 1995 
there were found numbered samples. It was stated that the rhythm of growth slowed down 
in the 3rd-4th year of their life, which coincides with their sexual naturalization. The 
growth of the older age-classes is slow, it is only the rhythm of growth of weight that 
remains fast, owing to the thickening of the shells. 
Keywords: Crijul Alb river, Bivalvia, Unio crassus, dynamic of growth 
Introduction 
Only a few studies have been realised about the Romanian rivers that treat the different 
structure and dynamic aspects of the Unionid associations. Tudorancea and Gruia (1968) 
studied the distribution and the annual increase of the Unio crassus population in the river 
Nera, determining the age of the specimens based on their growth-lines and on the length 
groups. 
Due to the very many unregulated growth lines of the U. crassus species the age 
determination, based on these lines, is very difficult. Our anterior study (Sárkány and 
Csenteri, 1983) presents the fact that growth represents only a single oscillation more 
evident in the sexual maturation period, but the above mentioned authors insist upon their 
statement according to which there would exist greater oscillations determined by the 
particularities of the environment. Obviously the local populations may have specific 
growth rhythm but the studies performed up to this date are not relevant as they are based 
I The first name is Romanian, and the second Hungarian. 
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Fig. 1. The frequency distribution of the individuals, belonging to 
Unio crassus upstream of Ineu (Crisul Alb River) 







CL. 2 CL. 3 CL. 4 CL. 5 CL. 6 CL. 7 CL. 8 CL. 9 
Lenght classes 
on age groups (mentioned above) or on the statistically chosen length classes, without the 
follow-up of the real annual growth of the specimens. Because we were not satisfied with 
our results on the river Niraj (1983) which were obtained with these methods, we applied 
to the method of marking and re-collecting of the specimens. Similar studies were carried 
out on the river Thames (Negus, 1966) demonstrating a decrease in the growth rhythm 
related to the length of the age classes and a uniform increase in weight of the valve as well 
as of the living part. 
On 15 July in 1994 on the Crisul Alb upstream at Ineu the spatial distribution, the 
abundance and the biomass of the Unionid associations were studied in a 1 m wide 
cross-section and divided in square meters. All the shellfishes were collected from each 
sampling surface (all in all 958) and all the specimens were determined. The biometrical 
parameters were determined: length, width, live weight with water closed in the paleal 
cavity. Eight hundred specimens of Unio crassus were marked with dental drill each of 
them getting a number in increasing order. The Unionid species were replaced to their place 
Materials and methods 
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Fig. 2. Growth in lenght, width (mm) and weight (g) of 
Unio crassus individuals related to lenght c lasses , upstream of Ineu. 
L. 
I width (mm) lenght (mm) weight (g) 
of origin. In the autumn of 1994 we controlled marked specimens without disturbing the 
others. In October 1994 all the specimens were collected from these surfaces. 
Results and discussions 
The river is 25 m wide at Ineu site. The spatial distribution of the Unionid species is 
of an aggregated type (ID = 60,52). With Student test I verified the probability of deriving 
from the standard unit, thus the hypothesis of spatial distribution was determined to the 
99,999% (t 206,83) level of certainty. Still these organisms occupy almost all the surface 
of'the river-bed except for the bank zone, from the 25 sampling surfaces the shell were not 
present only in 4. The associations present an appreciable abundance, having a medium 
density of 63 ind/m2 (the maximum value 138 individs/m2). In the stony river bed we found 
specimens embedded to 15 cm deep, which means that in the squares with higher 
abundance we found three superposed levels of specimens. We consider that this 
appreciable density is due to the favourable conditions: adequate water speed 
(approximately 20 cm/sec) abundance of the tropic particles and an optimal substratum for 
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fixing. The medium biomass of the Unionid species is 1697,34 g /m ;. The composition in 
percentage of the Unionid associations at this level is the following: Unio crassus (98,45%), 
Anodonta woodiana (0,44%), Unio tumidus (0,22%), Pseudanodonata complanata (0,22%) 
and Unio pictorum (0,11%). 
From the 958 collected specimens 800 specimens of Unio crassus were marked and 
weighed, then they were placed back to their place of origin. Fig.l. represents their length 
class structure. The varying domain of length was divided into 9 classes each having 9,63 
mm. It is marked an approx. normal individual frequency distribution, with a maximum of 
28, 90% for the 6th class (53,45 - 63,08 m) approximately corresponding to the age of 
5-7. 
In 1993 the studies showed the sex structure of the Unio crassus population that was 
52,2% masculine and 45,8% feminine. 
In October 1994 investigating the marked specimens we found that they were 
embedded in the sediment and did not move further than 1-2 m from the place they had 
been settled. This time we found a mortality of 10% in the examined section, from these 4 
specimens were marked. Probably in the meantime many shells were washed away by the 
current. Here we found a great number of unmarked specimens (approx. 40%) which means 
that the neighbouring specimens quickly occupied this place. 
In 1995 during the research, from a 20 m wide section, marked around the previous 
section line we collected 98 living specimens and 40 empty and marked valves. The 
majority of the samples we could find were situated a 3 m far from the original section. 
Only one specimen was found at 6 m downstream to the reference line. Becausc the river 
sediments were profoundly modified by the spring and autumn floods, we suppose that a 
great part of the marked but not found specimens had been washed away. We could also 
observe a mortality of approx. 15% (the specimens must have died one or two days ago). 
Probably this was caused by the toxic substance pollution. We state that in 1994 high zinc 
and copper concentrations were found in the studied shell-fishes. During the gathering 
(1995) we observed as well petroleum spots floating on the water surface. 
The dynamic of growth in weight, length and width (Fig.2.) is represented by length 
classes of 5 mm each. One can notice that the length, width and first of all, the weight 
increases are the most powerful in the case of the samples up to 40 mm length (the first two 
classes). In the case of the following class the rhythm of growth in length and width 
decreases to its half, but the weight increase shows a slight descent up to the class of 60 
mm. This slow rhythm coincides with the sexual maturity of the specimens; then an 
acceleration in weight and length can again be noticed, the width increase remaining a little 
slower. The samples longer than 70 mm show again a significant increase in weight, mainly 
as a result of the valves which become heavier and heavier; while the growth in length and 
width remains only irrelevant. 
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Conclusions 
Our findings resulting from the research on the Crisul Alb coincide with those of 
Negus (1966), according to which the rhythm of growth slows down with age of the 
Unionid species. Our research has also examined younger specimens than the above 
mentioned author. Thus we found that the rhythm of growth of the unionids shows a 
significant descent during the sexual maturity period. 
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Bioacumulation of certain heavy metals by unionidae 
molluscs in Cri§/Körös' rivers 
Andrei Sárkány-Kiss, Alpár Fodor & Michaela Ponía 
Abstract 
The authors examined the bioaccumulation of heavy metals (Cu,Zn and Mn) of the 
unionid shells in Cri§/K6r6s rivers. Altough the unionids are present in abundant 
populations in these rivers, it was established that their survival is endangered by the high 
content of xenobiotics. 
Keywords: river, Unionidae, heavy metals. 
Introduction 
The heavy metal content of the natural waters and of the sediments reflects the 
geochemical particularities of the examined place, their quantities usually do not exceed 
the tolerable values for the organisms. Due to the human influences the concentration of 
the heavy metals may increase in the water as well as in the sediment. The aquatic 
organisms accumulate these elements along the trophic chain. Molluscs are particularly 
well known as the bioaccumulators of some of these metals (Fuller, 1974; Burky, 1983; 
Lakatos et all. 1990), taking them either directly from the environment, or indirectly 
through the food they take up. The metals are reserved in the soft parts of the body as well 
as in the valves. It is known that the unionida molluscs are great plankton consumers, it was 
experimentally demonstrated that algae are able to retain the 78 - 98 % of the heavy metal 
content ( in positive relation with the concentration) from culture media during 14 days 
(Nagy-Tóth and Barna, 1982). Due to these qualities of the unionid molluscs many author 
suggest their use as bioindicators in this sense and recommend in a particular way the use 
of gills as indicator organs for the heavy metal bioaccumulation (Salánki et all. 1991). 
I The first name is Romanian, and the second Hungarian. 
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Fig. 1. Copper content in water, sediment and Unionidae mussels along the 
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Many studies demonstrate the sub-lethal and lethal toxic effects of these xenobiontics 
in different organisms, the modification of their metabolism (Nagy-Tóth, 1981) as well as 
the appearance of certain malformations (Szító, 1994) or other modifications in the cells of 
different organs, or even the modifications of the nervous system (Serfőző, 1993). 
Dévai and his col lab. (1993) precise the fact that living organisms are the most 
adequate and valuable indicators for the presence of heavy metals. At the same time they 
call attention to the fact that organisms accumulate in different quantity and in a selective 
way the heavy metals according to their taxonomic affiliation and their habitude, fixing 
with a great importance the taxonomic groups in bioindication. The above mentioned 
author exhausts the problem accepting the theory of Juhász-Nagy (1986), exhausting two 
principal aspects: the inner particularities of the organisms (the inner complex) and the 
environmental particularities (the exterior complex). The first determines the relation of the 
organism towards the adequate element or substance, namely the possibilities of the 
organism to metabolise and to accumulate, as well as the quantities that can be 
accumulated. These qualities are specific for different species. At the same time the attitude 
of organisms is specific for different elements and substances. In this context the exterior 
complex contains geochemical particularities of the environment and the environmental 
pollution. 
The indicator value of the aquatic organisms is more obvious in the case of the 
temporary and pollution, in which neither the water nor the sediments contain an excessive 
quantity of pollutant, but the organisms still bear the sign of modifications produced by 
them (Moore - Ramamoorthy 1984, ap. Dévai, 1993). 
Because the disappearance of the unionid shells from the lower reach of the Mure? 
river, along a 420 km section (Sárkány-Kiss, 1992) was caused exactly by the high 
concentration of the heavy metals. We consider an adequate proposal that the loading 
degree of the aquatic organisms with xenobiontics should be introduced as a parameter of 
danger degree for the aquatic communities, even if they are still numerous and in 
apparently undamaged populations. Dévai and his collab. (1993) suggest for this parameter 
the term "perniciousness". These considerations led us in our preceding paper (in this 
volume) to consider the unionide mollusc populations "vulnerable" in the Crij/Körös 
rivers. 
Materials and Methods 
At the same time with studying the unionid mollusc associations on the rivers Cri$ul 
Alb/Feher-K6r5s and Cri$ul Negru/Fekete-KfirOs, in June 1994 a material was also 
collected for the determination of the heavy metal content at those collecting stations where 
the abundancy of these organisms permitted it. Taking into consideration the different 
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accumulation of the metals in different organs (Wachs, 1985), after determining the species 
we separately collected the branchiae and the muscles. The collected and analysed samples 
were approximately at the same age. The prepared material was dried in a disinfector (10 -
105 °C) in the camp. So our results are related to the dry material of the organs. 
The determination of the heavy metals were performed in the analytical labs of the 
Chemistry Faculty at the "Babe§-Bolyai" University using atomic absorbtion 
spectrophotometers. 
Results and Discussions 
Analysing the copper content of the water, the sediments and of the unionid shells in 
the rivers Cri§ul Alb, Cri§ul Negru, Kettős-Körös and Hármas-Körös, the Crijul Alb is 
primarily remarkable with its far higher metal concentrations in every studied reaches. 
Otherwise the copper is considered one of the most toxic elements and at the same time is 
easily accumulated by the majority of the organisms (Wachs, 1985). Observing the results 
from the Table 1. and 2. and the diagrams from the Fig. 1. and 2. we notice as well the great 
differences between the copper content of the water and of the sediment. In general the 
copper content of the unionides is less than the copper content of the sediment. Only one 
exception was made at the collecting station Aciuja where the branchiae of the Anodonta 
woodiana species contain an approx. 3 times higher quantity than it exists in the sediment. 
We especially observe the great differences between the concentration of the water and the 
different unionide species that contain from 13 to 600 times more copper than the water 
does. The values are generally higher in the branchiae, but in some cases the copper content 
of the muscles exceeds the content of the branchiae. The concentrations are lightly higher 
in the case of the A. woodiana species and with a little bit lower in the case of Unio crassus 
and Pseudanodonta complanata species. 
Taking into consideration the zinc concentration (Table 3., 4., Fig. 3., 4.) in the water 
and the sediment, we also found higher values in the case of the Cri§ul Alb than the Cri§ul 
Negru. The unionidae species zinc bioaccumulation is more accentuated than that of the 
copper, this result confirms the data of the bibliography (Wachs, 1985). In all cases the zinc 
content in these organisms exceeds the concentrations of the sediment. At the same time 
we observe more higher concentrations in the branciae than in the muscles. The greatest 
capacity of bioaccumulation was noticed at the Pseudanodonta complanata species at the 
station Chijináu-Cri? (9 jig/I in the water; 59 800 ng/kg in the sediment; 113 130 ng/kg in 
the muscles and 1 563 510 ng/kg in the gills). The decreasing order of the species 
concerning the bioaccumulation is: A woodiana and U. crassus. 
The manganese has no noxious effects, on the contrary is an element of vital 
importance, but we found a very great bioaccumulation in our samples (Tab. 5., 6., Fig. 5., 
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Fig. S. Mangan content in water, sediments and Unionidae mussels aJong the 
Cri?ul Alb River Valley 
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6.). In the rivers Cri§ul Alb and Cri§ul Negru the manganese exists in great quantities in the 
water and in the sediments, but the concentrations at the unionids, especially in the gills, 
may exceed from 20 to 60 times the concentrations in the sediments. Serfőző (1995) 
maintains the fact that the manganese might function like an antistressor against the toxic 
effect of the heavy metals. Since it is not known the biochemical mechanism of such a 
process we indicate only our registered values without any other interpretations. 
In the years 1994 and 1995, in autumn, at the collecting station Ineu on the Cri$ul Alb 
we noticed 10 % and respectively 20 % of mortality without observing other sign of 
pollution. We consider that these populations at Ineu are at their lethal limits due to the 
heavy metal accumulation. Taking into consideration the fact that also a very low heavy 
metal concentration, only 1 fig/1, can impede the 90 - 100 % of the respiration and of the 
metabolic processes (shellfishes close their suctorial organ and interrupt the filtration) the 
danger represented by the water concentrations is very obvious and this effect is more 
accentuated for the young entities in the rivers Crij/Körös (STrbu and Sárkány-Kiss, 
unpublished data). 
Conclusions 
In the rivers Cri§ul Alb, Cri§ul Negru, Kettős-Körös and Hármas-Körös the unionid 
populations by their high Cu and Zn contents may be considered to be endangered by 
disappearance. 
In the case that protection measures will not be taken these highly valuable elements 
of the fauna in natural clearing of the waters will disappear without a trace likewise in the 
case marked by us on the lower reach of the river Mure§/Maros. 
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Table 1. 
Cu Cri? Brad Aciufa Alma? Ineu Chi^meu-Cri? Gyula 
Water 
(Mart) 
2.9 15.3 536 2.5 2 2.1 2 . 
Sediment 
(Hg/kg) 























1.1 1.2 4.1 13 1.4 10.9 1.6 1.6 
Sediment 
(Mg/kg) 












8890 8470 29110 
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Table 1. 
Zn Cri? Brad Aciufa Alma? Ineu Chigineu-Crif Gyula 
Water 
(MSA) 
14.5 100 9 9 9 9 9 
Sediment 
(Hg/k«) 
29300 1139200 307000 42400 328100 59800 107200 
Anodonta woodiana-M 
(Hg/kg weight) 

















Zn Poiana §tei Borz Tinea Zennd Saritad Kettös K.- HArmas KL-
Csongräd 
Water 
M l ) 
3.2 9 11.7 9 9 9 9 9 
Sediment 
(Mg/kg) 
69800 37800 23400 242600 75800 137000 216400 
Anodonta woodiana-M 
(Mg/Vg weight) 
59400 106240 115990 
Anodonta woodiana-G 
(pg/kg weight) 
322830 453190 804580 
Unio crassus-M 
(Hg/kg weight) 
101620 52520 95010 
Unio crassus-G 
(Hg/kg weight) 
55100 185950 363470 
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16802820 13458960 15797040 
Unio crassus-M 
(ug/kg weight) 
269080 434170 556800 
Unio crassus-G 
(ug/kg weight) 
96560 10990150 10597160 
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Macrozoobenthos biomass in the back-waters with 
different water supply 
András Szító 
Introduction 
The saving, protection and use of the natural powers have got more and more attention 
in Hungary in the past years, because it is important concerning both the economical and 
environment protection. Back-waters, in an optimal condition can be considered as natural 
powers which produce fish for food. Back-waters serve as flood control, recreation, sport, 
angling, and help irrigation. 
It follows that the back-waters as ecosystems are unique according to the 
environmental effects. At the same time, the processes are determined by general rules. In 
spite of the importance of the back-waters in fishery, tourism, irrigation and in preventing 
flooding we have few data about their flora and fauna, and we have not got any correct 
knowledge about the Invertebrate living in the sediment. Determining the condition of the 
back-waters is necessary to solve the environmental problems and to do the tasks 
concerning it (Fekete, 1994). Detailed research of the living resource shows the condition 
of a back-water too. That is one of the goals of this work as well, as well as to estimate the 
macrozoobenthos biomass and production in the qualitatively different and restored 
ecosystems. 
Keywords: back-waters, macrozoobenthos, biomass, production. 
Material and methods 
Examinations were made on back-waters of the River Hármas-Körös, near Szarvas 
and Öcsöd. The water was retained in the River Hármas-Körös. The Back-water at Szarvas 
was filled up and fed by syphons, because of water level difference. 
Detailed sampling sites can be seen on Fig. 1. Three benthos samples were taken by 
an Ekman-Birge dredge each week on each sampling site of the examined areas from a 
surface of 12x12 cm a time. The total sampled surface was 432 cm2 of each site. 
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Samples were washed through a metal screen with a mesh size of 250 pm immediately 
after collecting and the retained material was separated into groups of Oligochete, 
Chironomids and Gastropods were sorted by a Zeiss stereo microscope, with a 4 to sixfold 
magnification and then were preserved in 80% ethylic alcohol. 
Fig. 1. Sampling sites 
Abundance and dominance of macrozoobenthos species were examined and 
calculated to one square meter. Animal groups were dried at 105°C for 12 hours and 
measured by a Sartorius Micro XM 100P analytical balance, when the biomass in dry 
weight was bigger than 1 pg. Data were converted into a year's production calculated 
according to Lafont (1987), Liang (1984), Potter et al. (1974), Benke et al. (1979), Jonasson 
(1985), Sephton et al. (1986) and Grzybkowska (1989). For taxonomic identification the 
following works were used: Biro 1981; Tsernovszkii 1949; Fittkau 1962; Hirvenoja 1973; 




Results and discussion 
Species abundance a n d i n d i v i d u a l dens i ty 
Seasonal changes were big both in the species and in the individual density. The 
density of the macrozoobenthos changed between 6000-8000 ind.m"2 in April and in May 
by different trophic level. The animal density decreased hard from the middle of June. Only 
some specimen of the groups were found on the sampling sites covered by deep sediment, 
because of the common or daily oxygen depletion on the water/sediment boundary layer. 
The syphons pumping made a continuous water current in the Back-water at Szarvas, 
but the macrozoobenthos zoocoenose was similar to those in a standing water. 
Chironomids were abundant and this situation was typical of the communal water inflow 
of Szarvas, at an 8 km-long section (Fig. 2a,b). The number of species decreased by the 
polluted communal water effect, and Oligochaete (Limnodrilus hoffmeisteri) were 
dominant (Fig. 2c). The results were the same by the inflow of the sewage water station at 
Szarvas and in Bekesszentandras too (Fig. 2e, 3c). The communal water inflow stopped 
two years before, but the high trophic level of the sediment determined the former 
macrozoobenhos character. The sediment trophic level decreased at the sampling point of 
Anna-liget, 800 m downstream from the former sewage water inflow. Chironomid larvae 
were abundant here (Fig. 2d). 
The dominance of Chironomid larvae was detected on the dredged part, both the 
species and specimen density increased here. Procladius choreus was dominant (Fig. 3a). 
The slow, but continuous water current washed out a part of the inorganic elements from 
the sediment, shown by the macrozoobenthos at the "Pump station of HAKI" (Fig. 3b). 
That result presented the other way of the reconstruction of back-waters. The water current 
may decrease the inorganic material level by both the solution and the washing out of the 
phytoplankton. The macrozoobenthos showed extreme ecological factors and environment 
by the standing water in the Back-water of Falualji and at the "outflow" of Back-water at 
Szarvas. The extreme environmental factors indicated the dominance of the Oligochaete by 
Limnodrilus hoffmeisteri. Oxygen depletion was common in summer, and some specimen 
were able to survive (Fig. 3d, 4a). 
Chironomids by Procladius choreus were dominant in the mouth of the Back-water of 
Aranyosi with 600 ind.m"2, because of the river effect. Six species were present. The weak 
water current in the Back-water of Aranyos was effective near the mouth only. Specimen 
density of Limnodrilus hoffmeisteri was 950 m'2, and dominant 800 m from the mouth. The 
increasing of specimen density was detected by the other species too (Fig. 4c). 
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By the Syphons 
Fig. 2. Ind iv idua l densi ty o f the Ol igochae te , C h i r o n o m i d s and G a s t r o p o d s 
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Cleaned Sewage Water Inflow 
The mouth of the Channel Malomzug 
Szarvas, the former comm. water inflow 
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Bekesszentandras ( back-water outflow) 
Fig. 3. Individual density of the Invertebrate on different sampling sites 
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Fig. 4. Individual density in the examined back-waters 
Biomass and p roduc t ion 
The Oligochaete were typical for the eutrophic and hypertrophic back-waters, 
therefore their biomass was generally higher than Chironomids and Gastropods. 
Chironomids were dominant, and 3-10 times higher than the Oligochaete biomass, where 
the inorganic material was lower in the sediment like the mouth of the Channel Malomzug, 
the dredged part. Pump Station at Kákafok, Pump Station of HAKI (Fig. 5a). The 
macrozoobenthos biomass in the hypertrophic back-water near Öcsöd was lower than the 
estimated value. Temporary oxygen depletion was the main reason why the Oligochaet 
biomass decreased here. The Oligochaet biomass reached 200 m g m w h e r e some minimal 
dissolved oxygen was continuously because of the slow water current. 
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M a c r o z o o b e n t h o s b i m a s s (in dry m i g h t ) 
450 
400 
Fig. 5. The estimated macrozoobenthos biomass and production on the different sampling 
sites 
Chironomids with more generations were more adaptable than Oligochaete, and were 
able to use the optimal periods of the season producing high specimen density and biomass. 
That was detected by their seasonal dynamics. The density of the Chironomid larvae 
increased a lot when they had no rivals. The Chironomid biomass was almost always higher 
than the Oligochaete. 
The average macrozoobenthos production near Öcsöd was estimated 1300 
m g m " 2 y e a r i n the Back-water of Aranyosi 500 mgm"2year"' near the mouth, and 2100 
mgm"2year'' 800 m from there. The average macrozoobenthos biomass in the Back-water 
of Szarvas varied between 500-800 mgm"2year"'. The estimated fish yield ha"1 was as 
follows: 18-20 kg in the Back-water of Falualji near Öcsöd, 7-10 kg and 18-20 kg in 
Aranyosi near Gyomaendrőd, and 7-10 kg in the Back-water of Szarvas, fed by 
macrozoobenthos. 
The production of Oligochaete and the Chironomids together ranged between 
250-3700 mgm"2year"', but the average value was 500 mgm'2year1 in dry weight (Fig. 5.). 
That means that the biomass was 3000 mgm-2 produced alive during the season. We 
calculated 7-10 kgha' fish yield fed the macrozoobenthos in back-waters. The estimated 
production was different. The difference existed not only between them, but between the 
parts inside the ecosystem, like the Back-water at Szarvas. 
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Summary 
The main goal was to obtain and to estimate the quantity of the macrozoobenthos 
biomass and production, as the natural fish food. Three types of ecosystems were 
investigated. The Back-water of Falualji (near Öcsöd) was hypertroph, its fill-up was 
possible at the rising of the water level. The Back-water of Szarvas was heavily polluted 
both in communal and industrial waste water and was partly recultivated. The Back-water 
of Aranyos (near Szarvas) was in connection with the former River Hármas-Körös in the 
lower part, therefore the water level depended on the river and often fluctuated (Fig. 1.). 
The abundance of the Chironomid larvae ranged between 6000-8000 ind.m : in April and 
in May. A hard decreasing of the abundance was detected in middle of June. Very low 
density of the animals was found in the deep sediment because of oxygen depletion on the 
water/sediment boundary layer from May to the end of August. Chironomid larvae were 
dominant on the eutrophic parts, and Oligochaete at the hypertrophic sampling sites. The 
effect of the communal pollution was indicated by the presence and dominance of the 
Limnodrilus hoffmeisteri. The macrozoobenthos production ranged between 2500 and 
3700 mgm"2 in dry weight, but the average value was about 500 mg/m"2, 7-10 kg/ha" year"'. 
Fish production was estimated by the benthos feeding. Oligochaete and Chironomid larvae 
showed the degree of eutrophication and indicated qualitative changes in ecosystem after 
dredging. 
The partial sediment take-out showed already positive changes in the macrofauna but 
this intervention will not be effective for a long time. The species number was low, ranged 
between 1-9, which showed extreme ecological factors and environment. The amelioration 
of the back-waters by decreasing their eutrophic stage — the regeneration — is up-to-date. 
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The crude oil pollution effect on the macrozoobenthos 
in the river Barcáu/Berettyó1 
András Szító 
Abstract 
Our main goal was to explain how the macrozoobenthos responded to the crude oil 
pollution. A long term effect was detected on different animal groups. 
Oligochaete had a long body, therefore the feeding was possible under "oil film" in 
the sediment and the respiration over the film, from the water body. That was the reason 
why they did not indicate the oil pollution. The predator Chironomid larvae, like Tanypus 
punctipennis, Procladius choreus and Cryptochironomus redekei were not sensitive to the 
oil pollution. Polypedilum scalaenum, a phytophagous species was good to indicate the oil 
pollution. Deformities were not detectable on the organs of the Chironomid larvae. 
Keywords: oil pollution, river, macrozoobenthos. 
Introduction 
Chironomid larvae are used widely in monitoring systems on population, association 
and ecosystem level, as well as by toxicological tests in the laboratory and the field. The 
role of the Chironomids is important in the saprobiological qualification of the ecosystems 
(Rosenberg, 1991), but their importance is similar in the ecosystem monitoring too 
(Cushman, 1984; Cushman and Goyert, 1984; Warwick, 1988).The River Berettyó was 
polluted by crude oil near Marghita in the months of November and December of 1994. 
The oil ran out from an damaged refinery to the river in Romania and spread to Hungary 
on the River Hármas-Körös and the River Tisza. Our main goals were to detect what the 
degree of the damage in the macrozoobenthos was, how the regeneration took place and 
what groups (species) were found alive. We have tried to find species for monitoring and 
deformities of the organs made by the oil pollution. 
I The first name is Romanian, and the second Hungarian. 
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Material and methods 
Sediment samples were taken in April, June and August on different sampling sites 
(Fig. 1.). Qualitative samples were taken from the surface of the stone and gravel piece by 
washing into a drifting net in each profiles. Sampling sites were at various distances from 
the left, the right bank and when it was possible in the main current as well. 
Each sample was washed through a metal screen with a pore mesh size of 250 fim and 
preserved in 3-4% formol solution. The retained material was separated into groups of 
Oligochaete, Chironomids and other groups of animals by a Zeiss stereo microscope in the 
laboratory, with 4 to sixfold magnification. Animals were preserved in 80% ethylic 
alcohol. 
Fortaxonomic identification the following works were used: (Bíró, 1981; Brinkhurst 
andJamieson, 1971; Cranston etal. 1983; Ferencz, 1979, Fittkau, 1962; Fittkau et al. 1983; 








Fig. 1. Sampling sites 
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Results and discussion 
The sediment was full of oil near the bank of the river in April and it went up to the 
surface when the sediment was sampled, and covered the water. The quantity of oil was 
high near Pocsaj (at the border between Hungary and Romania), and decreased 
downstream. Some patches were found at the River Hármas-Körös near Szarvas, when 
sampling the sediment. 
The oil was not present in the profiindal zone, only in the littoral regions. The water 
current, the high water level and the low temperature were the main reasons why the big 
part of the oil swam away. The water current and speed was lower near the banks of the 
river than in the main current, and the oil was absorbed in the clay. 
The zoocoenoses were different on sampling sites. The Oligochactc were dominant 
during the season near Pocsaj, where the oil pollution was the biggest in the Hungarian 
section. Their rate was 95%. Chironomid larvae, living in sediment, were predators almost 
in 100 per cent. Some larvae of the Orthocladius saxicola were present in the snails that 
moved from the sediment to the surface, climbing on the tecton only. The endobenthos was 
absent. Snails were not found in April here, but the rate of the dragonfly larvae was high 
and increased during the season (Fig. 2a-3a). 
The rate of Oligochaete fluctuated at about 40% at Szeghalom in April, Chironomids 
at 10%, and snails (Lithoglyphus naticoides) were present in 35%. Dragonflies (Odonata) 
were abundant too (Fig. 2b). The presence of the snails was evident in the early phase of 
the season in the polluted river, it is important to remark, because of their diapause during 
the Winter season and early Spring. They were absent near Pocsaj, but present on the other 
sampling sites at the beginning of the sampling time. It may be shown that they were not 
able to survive the oil pollution effect near the border, but their tolerance was enough to 
survive downstream, the pollution effect decreasing. This tendency was detected from 
Szeghalom (Fig. 2a-d). With the increase of the temperature, plants, gravels and other 
materials, fed the phytoplankton. That was the reason why they were not found on the 
sediment surface. 
The rate of Oligochaete was 30% both in Gyomaendrőd and Szarvas sampling sites. 
The abundance increased to 60% during the season continuously. The rate of the 
Chironomid larvae increased to 40% at the end the vegetation season (Fig. 2c-d). 
Regarding species resistance, Limnodrilus udekemianus was the most tolerant to the 
oil pollution (Fig. 2a), but Limnodrilus hoffmeisteri was dominant on the River Berettyó 
and River Hármas-Körös from Szeghalom (Fig. 3b-d). 
Larvae of two Chironomid species were present in April near Pocsaj only, and 
Cricotopus algarum appeared in June. Population dynamics of these species showed 
seasonal changes, but indicated an environmental purification downstream from 
Szeghalom. The River Hármas-Körös was dammed near Szarvas, and the water was used 
for irrigation. That was the reason why there was a standing water during the season. 
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Fig. 2. The rate of the animal groups in the River Berettyo during the season 
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Fig. 4. Dominance of the Chironomid species during the season 
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Fig. 5. Mutual species and their dominance 
The macrozoobenthos showed the same condition too. It was surprising how 
Polypedilum nubeculosum was absent by Pocsaj only, but it was present on the other 
sampling sites. The rate of its larvae ranged between 38-70%, and was dominant. The 
situation originated from the oil pollution (Fig. 4b-d).The effect of the oil pollution to the 
zoocoenoses was presented by differences between River Berettyó and River Sebes Körös. 
That same species were present mostly in both rivers, but the rates were different from 
Limonodrilus hoffmeisteri, L. udekemianus, and Polypedilum nubeculosum (Fig. 5.). 
The common species in the River Berettyó and in the River Sebes Körös were as 
follows: Limnodrilus hoffmeisteri, L. udekemianus, Polypedilum scalaenum (Fig. 3. and 
5.). Cryptochironiomus redekei was the only common species in the River Berettyó and the 
River Kettős Körös (Fig. 4. and 6.).The big (40%) dominance of the predator larvae of 
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Fig. 6. Oligochaeta and Chironomid species in River Kettős-Körös 
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Fig. 7. Dragonfly (Odonata) species in River Berettyó at the beginning of the season 
Dragonfly species near Pocsaj (the border area) were as follows: Lestes virens, 
Sympecma fusca, Calopteryx splendens, Ischnura elegáns, Libellula quadrimaculata and 
Gomphus vulgatissimus. There was no information about the resistance to environmental 
pollution, but they were very tolerant in the present situation (Fig. 7.).The water body was 
already free of the oil pollution during the sampling time. The prey of the dragonfly larvae 
were present, therefore the food source and the respiration of the predators were given for 
them, as the most important environmental factors. 
The Chironomid species richness was 2-4 times higher at the source of the River 
Berettyó, than at other sampling sites, because the river had a low water quantity, and the 
concentration of both the communal and industrial pollution was high continually. 
The slow water currency resulted ineffective selfpurification. The situation was 
indicated by the decrease of the Chironomid species from the source to the mouth of the 
river (Table 1). Regarding the Chironomid species presence, Polypedilum scalaenum was 
absent at the most polluted sites only. The species had a good tolerance to the 
environmental factors from the source to the river mouth, but it was sensitive for the 
different oil pollution level. Tanypus punctipennis, Procladius choreus, and 
Cryptochironomus redekei were predators. Their food were usually Oligochaete, therefore 
the abundance depended on the food quantity. The predator Chironomid larvae were 
tolerant against the low dissolved oxygen concentrations too (Szító, 1994, 1995). 
Procladius choreus was one of the predator Chironomus species, appeared by Pocsaj and 
was subdominant (Table 1.). 
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Tablc ] .The rate of the Chironomid species of the River Berettyó (Barcüu) and Körös Rivers (August. 1995) 
NJ 
ú j vO 
Berettyó (BarcSu) R. S. Körös River Hármas-Körös 
Source Boghis Suplacu Marghita Sántimrei Pocsaj Szeghalom Gyomaendród Szarvas 
Ablabcsmyia monilis 3,23 
Cricotopus algarum 64.86 19,05 26,92 
Cryptochironomus redekei 20 60 100 19,05 7,69 17,65 
Gymnometriocnemus subnudus 20 
Lauterborniella gracilenta 16,13 
Microtendipes chloris 20 
Polypedilum laetum 16,13 
Polypedilum nubeculosum 6,45 
Polypedilum scalaenum 12,90 40 40 30,77 38,1 70.59 
Procladius choreus 35,14 23,81 19,23 11,76 
Prodiamesa olivacea 32,26 
Propsilocerus paradoxus 3,23 
Psectrocladius psilopterus 3,23 
Tanypus punctipennis 100 
Zavrelemyia sp. 6,45 
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The assessment of lotic ecosystems 
from the hydrographical unity Cri^/Koros1 river system, 
according to the benthic associations 
Nicolae Gáldean, Gabriela Staicu & Petru Bacalu 
Abstract 
Hydrobiological research of the rivers Cri§ul Alb/Feher-Koros, Cri?ul 
Negru/Fekete-Koros and Crijul Repede/Sebes-Koros continues the assessment of the 
biological state of the tributaries of the river Tisza. The analysis of the fauna shows the 
presence of some species spread all over the rivers, as well as species with a limited 
distribution. 
Keyword: lotic ecosystem, trophic categories. 
Introduction 
Hydrobiological research of the rivers Cri§ul Alb, Cri§ul Negru and Crijul Repede 
continues the studies that began in 1991 which deal with the estimation of the biological 
state of some tributaries of the Tisza River: Mure? (Hamar et Sárkány, editis., 1994), Some? 
(Gáldean, 1994). The research was carried out by a team of Romanian and Hungarian 
biologists within a common working program. Studies did not follow the dynamics of 
aquatic flora and fauna, but rather the observing of the state of the lotic ecosystem at one 
point in time. 
Crijul Alb and Cri§ul Negru belongs to the category of the rivers of a middle size of 
Romania, at 240 km and 160 km respectively (up to the border with Hungary). 
Hydrographical basins have a surface of4155 sq. km (Crijul Alb) and 3880 sq. km (Cri§ul 
Negru) and form, together with the basin of Cri§ul Repede (2545 sq. km) the 
hydrographical unity Cri§uri, placed in western Romania (see Map). The Cri§ Rivers form 
the most important natural drainage area in Western Romania. 
I The first name is Romanian, and the second Hungarian. 
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Materials and Methods 
Biological material was collected by dredge, a fine net and with the benthometer from 
26 sampling stations (20 from Romania and 6 from Hungary). Fish species for which we 
captured a large number of specimens were used (for the specimens captured in Cri§ul 
Negru and Alb) for the study of intestine content in order to establish their part within the 
ecosystem: Gobio albinnatus, Alburnus alburnus, Alburnoides bipunctatus, Gobio 
kessleri, Gobio gobio obtusirostris, Barbus barbus, Barbus peloponnesius petenyi, 
Phoxinus phoxinus. 
When we analyzed the intestinal content we took into consideration the following: 
a) the establishment of some main trophic sources according to the criterion 
presence/absence or the quantitative estimations (for example, the number of chironomid 
larvae remade according to the cephalic capsules or specimen number, mayflies larvae 
remade according to the pterothecae); 
b) "detritus" category represents the organic remains (especially the vegetal ones) 
taken directly from the environment as a food source; during digestion (observed in 
different moments) a detritus-like material results but referring to the reconstitute specimen 
number (larvae) it has no important share. 
The biological material, collected either qualitatively or quantitatively was checked in 
the laboratories of "Grigore Antipa" Museum and preserved in alcohol 70%. 
The identified taxons were classified in trophic categories (sensu Vannote et al.,1980; 
Cummins et al., 1984). 
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Results and Discussions 
1. T h e m a i n benth ic associations o f the r i v e r C r i § u l A l b 
Downstream springs, in the front of Cri$ village, the river flow on the bed of coarse 
gravel and boulders fixed into a fine clay. On the stones there is a clayey pellicle, with algae 
and moss. 
The river is only partially shadowed, this permitting the temperature to increase during 
every summer season. Fauna is dominated by larvae of the rheophilic insects (stoneflies , 
caddisflies and mayflies larvae). On the underside of the stones are chironomids, in tubes 
of coarse sand. Stoneflies (Perlidae) are more frequent in the small waterfalls behind the 
boulders and are absent in the muddy areas. 
Mayflies are represented especially by Heptageniidae and Baetidae, this showing the 
submontane nature of the area. It is interesting that genus Rhithrogena is absent; especially 
the species Rhithrogena semicolorata, which is sensitive to the variations in the water 
temperature. 
Ten kilometres downstream (Station 1) the river is strongly affected a dam. Boulders 
and gravel are covered by a thick stratum of algae and bacteria. The river flow is completely 
exposed to the sun, hence the water has a high temperature in the summer. Yet, in the areas 
of high slopes the stoneflies survive (but species of Perlidae don't!) as well as Baetidae, 
Heptageniidae and Caenidae (Ephemeroptera). The carnivorous stoneflies are replaced by 
the larvae of dragonflies. Among the roots left in the clayey mud some specimens of 
Astacus astacus were found, indicating good water quality. 
Among the boulders a prevalent association can be noticed; that of the 
Hydropsychidae caddisflies. 
Downstream at Brad the influence of some industrial residue can be easily observed. 
The river bed is covered with a stinking brownish stratum. Yet, due to the section with high 
slopes and high speed currents, mayflies (Baetis, Ephemerella) can be found among stones. 
Fauna is dominated by caddisflies larvae of the family Hydropsychidae, chironomids and 
oligochaetes. When water input is high, the level of the river increases by 1-1.5m, 
providing satisfactory washing of the sediment. 
At Aciuja the river bed is formed by boulders and coarse gravel covered with an 
organic pellicle. The association of Hydropsychidae caddisflies larvae is also prevalent and 
mayflies of the Heptageniidae appear again(genera Ecdyonurus and Heptagenia). 
Downstream at Alma? (Station 5), diversity reaches its highest point. Mayflies are 
represented by Siphlonuridae, Heptageniidae, Baetidae and Ephemerellidae. Stoneflies are 
represented by Nemouridae, but the main carnivorous invertebrates are dragonfly larvae. 
The river has a very rich vegetation on the banks and the river bed is formed of sand and 
gravel. 
Upstream at Ineu, the structure of the river bed is completely different; most of the 
surfaces consisting of clay mixed with gravel elements (as a conglomerate), full of hollows 
and oval spaces with Hydropsychidae caddisflies larvae. In places with mud accumulations 
there are many unionid molluscs; Myriophyllum bushes with Baetidae; gravel with a 
stratum of bioderma, with Heptageniidae (genus Heptagenia). 
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At Chi§ineu-Cri$ (Station 7), river bed is composed of uniform coarse gravel poor in 
fauna. On the left bank, on the boulders left there after the dam building, larvae of 
Heptagenia flava and Caenis moesta were found. 
On the Hungarian side, the Cri§ul Alb is embanked, having a lake aspect. Floating and 
submerged vegetation shelter a characteristic phytophillous fauna: oligocates, gastropods, 
insects larvae. 
2. T h e m a i n benth ic associations o f the r i v e r C r i $ u l N e g r u 
The upper part of the river has a montane aspect, with a stony bed with gravel and 
sand. In fact, this is the section that serves as a passage way to hilly area. Like Crijul Alb, 
Cri§ul Negru is mostly a hilly and lowland river. Fauna consists of numerous reophilic 
elements (Perlidae stoneflies, Heptageniidae mayflies, genus Ecdyonurus) and dipterans of 
the family Blepharoceridae (net-winged midges), but also has a rich population of 
Ephemerella ignita. 
At Station 9 the prevalent association of caddisfly larvae of family Hydropsychidae is 
already formed. Fauna diversity is represented by: Oligochaeta .Amphypoda, stoneflies 
(genus Perla), mayflies (besides Heptageniidae and Baetidae, species of the family 
Caenidae also appear), Elmidae (Coleoptera), Chironomidae. 
At Stei, due to the quantities of organic material of urban origin, the larvae of Baetis 
fuscatus and Hydropsyche are favored and the number of rheophilic and oxiphilic species 
decreases. The river bed consists of gravel and boulders, with small, muddy, slightly deep 
sections. 
From Borz to Tinea (Station 11 and 12), boulders and gravel are covered with mud or 
with a pellicle of algae and bacteria. Fauna is differentiated according to two elements: 
benthos and macrophytes (Myriophyllum). Benthos is dominated by the caddisfly larvae 
(Hydropsyche) and molluscs(Unio), to which we can add oligochets and chironomids. 
At Tinea, vegetation diversifies and develops on large surfaces (Myriophyllum, 
Potamogeton, Chara). 
At Borz, Station 11 was separated into 3 subzones: 1 la (vegetation and mud, with 
numerous Chironomidae); I lb (boulders with bioderma ); I lc (gravel washed by water, 
with many Hydropsychidae caddisflies larvae). 
Zerind (Station 13) was marked by a rich association of molluscs, Unionidae, on a bed 
of muddy sand and gravel. Near the banks, the boulders left after the dam building forms 
the habitat of the mayfly larvae (Heptagenia flava) and of Hydropsychidae caddisfly larvae. 
Near them there are specimens of Astacus astacus, this showing a good water quality. After 
entering into the Hungarian territory, Crijul Negru has the same aspect as Cri§ul Alb: it is 
rather a lake rich in submerged vegetation, with a diverse "phytophillous fauna." 
Farther on, after the two rivers join, the ecosystem become similar to the channels of 
the Danube Delta, with a lot of submerged vegetation. Fauna is completely changed due to 
the biotopic changes. Thus, here Baetidae mayfly larvae are represented by the species 
Cloeon dipterum which replace the species of Baetis. The large number of gastropods, 
typical for the lake ecosystems, must be noted. Water is of a good quality and well 
oxygenated. At its mouth at the Tisza, The Cri§ River formed from the union of Crijul Alb, 
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Cri§ul Negru and Crijul Repede carry mud and a lot of floating vegetation (Lemna). On the 
clayey-muddy bank a rich mollusc association develops (Unio, Theodoxus, Lithoglyphus). 
3. The main benthic associations of the river Cri$ul Repede 
The general aspect of the river in the sector downstream from the springs at $aula 
village (Station 5), is that of a plain. The tendency of eutrophycation increases as a 
consequence of the releasing of domestic waste into the water. Chironomids dominate the 
benthic community; there are also mayfly larvae (Baetidae, Baetis vernus), leeches 
(Erpobdella octoculata) and oligochaetes. The presence of Astacus astacus crustaceans and 
Limnephilidae caddisfly larvae was somewhat unexpected; this indicates a relative 
equilibrium of the system despite the organic loading. 
In the sector downstream at Ciucea (Station II) the river bed changes becoming 
broader and deeper. The stratum of boulders, cobble and pebble is covered with a thick 
layer of moss and algae. Despite the stony substrata the mayflies of Heptageniidae 
(Ecdyonurus, Rhithrogena or Heptagenia species) are missing, the benthic community 
being dominated by the caddisfly larvae of the Hydropsychidac. As in the sector 
downstream from the springs the system responds to the increasing eutrophication. 
Populations of Hydropsyche, Baetis vernus and Ephemerella ignita exist as a consequence 
of eutrofication. However, some sensitive species like Siphonoperla negleta, Baetis 
scambus, B. niger are kept unchanged. Up to this sector the lotic system concentrates the 
allocthonous trophic resources (especially organic particulate matter, originated from the 
neighboring terrestrial ecosystems). 
The sector from Bologa (Station 6), before entering the gorges, is quite different. The 
river bed is uniform (decreased heterogeneity) and the benthic fauna is less diverse than 
expected. In this case, the direct relation among diversity of the substrata and diversity of 
the fauna (Evrard and Mischa, 1995) is not functional; the sector is a transitional one, with 
an increasing reophilic condition. Hence, the Hydropsyche population has a low numeric 
level but the Baetis vernus and Ephemerella ignita ones are maintained at the same level. 
We presume that the main controlling condition is the velocity of the current; the water 
moves on stony, equal substrata without forming bubbles. 
The sector of the gorges, downstream at Stana de Vale (Station 8) points out another 
change of the abiotic conditions: velocity of the current is 0.6-0.8 m/s, water temperature 
is about 14.5 C, and there is heterogeneity of substrata with many boulders covered with 
moss clumps. 
Between the Bologa and Stana de Vale sectors the deposition of coarse particulate 
organic matter (CPOM) can be observed; in this way the conditions for the filtering 
collectors are rather unfavorable; the number of the gathering collectors and shredders 
increases. 
Between the sampling areas 11 and 6 the river received the tributaries lad and DrSgan. 
Both of them are very typical mountain rivers, with a stony bed and high current velocity. 
They both have dams and reservoirs which periodically determine changes of the flow. The 
releasing of the cold water from those reservoirs forms very high floods which influence 
the Cri§ul Repede river. Therefore, the stenothermic species have good conditions. 
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Upstream of the gorges, the quantity of water may dissipate more than usual, when the 
valley is sufficiently wide. 
Downstream from the gorges (station 9) it is a stony riverbed; at the right border, stone 
pieces and boulders allow the deposition of silt and fine detritus. At the left border there are 
small pebble beeches. Only in this microhabitat are some benthic species found, such as 
Ecyonurus dispar and gammarids ones. 
At area 9, in the sector of Alejd, the characteristic benthic species are Oligoneuriella 
rhenana, Baetis rhodani, Ecdyonurus dispar, Ephemerella ignita, Caenis luctuosa, 
Pothamantus luteus, Ancylus fluviatilis, Hydropsyche, chironomids, oligocaetes, 
gammarids. 
The overflow of the water (as a consequence of the clearing of the reservoirs) is 
significant in this sector, yet it gathers the coarse detritus and mud, forming special habitats: 
a) there are many dragonfly larvae that replace the stonefly ones as predator; there are 
also Baetis rhodani, Ecyonurus insignis, Ephemerella ignita, Caenis luctuosa. The 
population of Hydropsyche larvae is numerous. An equilibrium of the filtering and 
gathering collectors can be observed. 
b) in the center of the flow, it is a stony substrata (boulders, cobble, pebble). The most 
characteristic species is Oligoneurilla rhenana. The system has the capacity to preserve 
some of the pristine conditions despite the existence of disturbing factors (the untypical 
variations of temperature, the high quantities of mineral nutrients). 
The local benthic community may be named a "stress community" and reflects the 
carrying capacity of the lotic system by diversifying the trophic categories depending on 
the resources (mineral or organic). The community seems to be very stable, so far, and its 
existence can be decided by the quality of the water. 
Downstream at Ale§d, a dam forms a reservoir which interrupts the flow of the river. 
The sector downstream from the reservoir (Station 13) is totally dependent on the 
releasing of water. The reservoir warms in the summer and the conditions for algal 
blooming are present (information from some natives). 
The sampling area was situated on a natural branch: here, the boulders are covered 
with a thick layer of algae and moss. The characteristic species are Aselus aquaticus, Caenis 
macrura and Hydropsyche. The group of predators includes hidracarians, larvae of 
Plectronemia conspersa and coelenterates (Hydra species). 
The sector upstream at Oradea (Station 12, near Fughiu) is very different. The valley 
is wide (30-40m) and the riverbed is composed of boulders, cobbles and pebbles which are 
covered with a thin layer of periphyton. 
The characteristic species can be correlated with some microhabitats: 
- plate boulders with Oligoneuriella rhena, Ancylus fluviatilis and chironomids in sandy 
tubes; 
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- cobbles with Heptagenia sulphurea, Electrogena lateralis, Ephemerella ignita, 
Hydropsyche sp., Elmidae; 
- the spaces between boulders, with fine mud and detritus, with chronomids and 
oligochaetes; 
- the moss clumps with Potamanthus luteus, Baetis scambus, chironomids, hydracarians; 
- clay border with galleries of Ephoron virgo. 
The species Ecdyonurus are missing, being replaced by other species of 
Heptageniidae. The filtering collectors are numerically reduced, in comparison with 
scrapers of gathering collectors; the latter are depending on the productivity of periphyton. 
The sector at Cheresig (Station 10) presents a sandy riverbed; the slow current allows 
the development of submerged macrophytes. The left bank is clayey and muddy, with an 
important population of Anodonta woodiana. The waste released into the river determines 
the increase of eutrophy. The system exhibits a specific reaction by promoting the 
functional compartment of macrophytes-phytophillous fauna. 
The significance of the compartment of submerged macrophytes-phytophillous fauna 
In the lower sector of the lotic system, the presence of this compartment is very 
significant for the content of mineral nutrients in the water. 
In the Cri$ul Repede system, some species of maccrophytes, especially in the Cheresig 
sector, were identified: Potamogeton fluitans. P.crispus, P. pectinatus. The plants have an 
important retention capacity for some biogenic elements, the time of retention being 
dependent of the vegetation period. P.pectinatus, having a short vegetation period, releases 
those elements into the water in the July-August. 
The analysis of phytophillous revealed some interesting aspects: 
- downstream at Ciucea, mayflies and chironomids were dominant (gathering collectors 
and detritivorus, in general); 
- near Cheresig, due to the increase of eutrophy, chironomids and simunliids larvae 
become dominant (detritivorous and filtering collectors). These taxonomic groups 
contribute to the biological cleaning of the water. 
It can be asserted that in this type of lotic system the submerged macrophytes represent 
an accessory compartment, characteristic for a certain level of eutrophy. The functionality 
of the phytophillous fauna is very difficult to estimate: many species can be found in the 
benthos, too (Fig. 2). 
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The biocenosis "use" this compartment to increase the internal diversity of the lotic 
system with the help of the newly obtained third dimension; the macrophytes being a 
support for phytophillous fauna and periphyton. 
Fig. 1. The integration of the submerged macrophytes- phytophillous fauna compartment 
in the lotic ecosystem. 
4. Consideration of the ichthyofauna 
The diversity of the ichthyofauna of Crijul Alb and Crijul Negru is almost equivalent 
with that which was expected. The collecting, done during short periods of time, confirmed 
the presence of most of the species that were theoretically thought to be present in this area. 
The species which surely occur here but which couldn't be captured (Lota lota, Silurus 
glanis, Exos lucius) require specific fishing methods and more time. In addition to this 
remarkable diversity, population dimensions are impressive. The species with the largest 
population are Alburnus alburnus and Alburnoides bipunctatus. Also, a large number of 
Gymnochephalus schraezer and Gymnocephalus baloni can be found. 
The presence, in large numbers, of Zingel zingel and Zingel streber is a very good sign, 
considering that these fish are very sensitive regarding water quality, becoming, for this 
reason, very rare or extinct from other rivers. 
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The characteristic division of the ichtyofauna into zones occurs on both rivers: a trout 
area, one of the Barbus peloponnesius petenyi (maybe the grayling is missing from the Cri§ 
rivers), of the broad snout, of the barbelll and of the carp. General tendency of the past few 
decades is the shifting of these areas upstream. The Cri§ rivers are not an exception, as 
proven by the presence of Gobio albipinnatus in the same locality with Barbus 
pelopennsius petenyi, at the Station Aciufa (Cri§ul Alb). It is interesting to note the 
presence of all four species of Gobio in the same locality (Station 1 1 , Borz, Cri§ul Negru), 
each of these species being adapted to different water speeds. Downstream at Brad (Cri§ul 
Alb), was identified the single zone with a slightly troubled ichthyofauna, the result owing 
to the great numbers of villages in the area. 
5. Some population p a r t in the control of the benthic fauna 
5.1 Gobio albipinnatus (Figs. 2 , 3 ) . In our analysis of the intestinal content of samples 
collected from Cri§ul Alb, from Alma§ (Station 5) and Ineu (Station 6) we noticed that 
chironomids are prevalent ( 5 7 . 9 % and 62.8%). 
Food is completed with detritus ( 3 3 . 3 % ) and small quantities of mayflies, caddisflies 
and Elmidae (Coleoptera). The prevalent trophic resources used in Cri§ul Negru are: 
detritus ( 7 5 % ) in Station 11 (Borz) and chironomids (76.5%), Station 13 (Zerind). 
5.2 Alburnoides bipunctatus (fig. 4). For the specimens captured from Crijul Alb, at 
Alma§ (Station 5) we recorded a balanced distribution of food categories (insect larvae). At 
Ineu, Alburnoides bipunctatus "exploit" the main resource, detritus ( 5 0 % ) and the 
caddisfly larvae of Hydropsychidae ( 3 1 . 5 % ) . The population from §tei, Cri§ul Negru 
(Station 10) feeds more on detritus (50%) but also on caddisfly larvae (40.7%), especially 
on Baetis fiiscatus. So we can do the same mention as for Gobio albipinnatus: its tendency 
for using the prevalent trophic resource . 
5.3 Alburnus alburnus (Fig. 5). The specimens from Alma§, Crijul Alb (Station 5) are 
feeding with: chironomids ( 5 3 . 7 % ) and detritus ( 3 3 . 3 % ) to which we can add the mayflies 
( 1 1 . 2 % ) and caddisflies ( 1 .8%). At Chi$ineu-Cri$, Cri$ul Alb (Station 7) these two main 
categories are still maintained to which coleopterans are added ( 17 .4%). At Zerind, Cri§ul 
Negru (Station 13), the food consists of detritus and chironomids but the detritus proportion 
increase to 7 5 % . 
5.4 Gobio kessleri (Fig. 6 A). Chironomids are prevalent in food (94.5%); mayflies, 
caddisflies and other insects are also found. 
5.5 Gobio gobio obtusirostris (Fig. 6 B). The captured specimens have a trophic 
spectrum obviously dominated by detritus (66.7%) and chironomids (32.4%). 
5.6 Barbus barbus (Fig. 7 A). Food consists mostly of chironomids ( 5 3 . 4 % ) and 
detritus (33.3%). 
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5.7 Barbus peloponnesius petenyi (Fig. 7 B). For the specimens from §tei, Cri$ul 
Negru (Station 10) food consists of detritus (50%), chironomids (30.3%), Baetidae 
(Ephemeroptera) (15.9%). 
5.8 Phoxinus phoxinus (Fig. 8 A). The food of the specimens collected from Cri?ul 
Negru, at §tei (Station 10) consists of detritus (50%), mayflies (29.8%) and chironomids 
(19.0%). It has the same trophic spectrum as Barbus peloponnesius petenyi but the 
proportion between mayflies and chironomids is inverted. 
5.9 Cottus gobio (Fig. 8 B). The specimens collected from the upper sector of Cri§ul 
Negru, at Poieni (Station 8) have a trophic spectrum represented especially by the 
rheophilic caddisftes larvae (42.5%), mayflies (33.3%) and chironomids ( 2 1 . 7 % ) and a 
small number of Blepharoceridae (2.5%). 
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Fig. 4. Trophic spectrum in Alburnoides bipunctatus; A - Cri$ul Alb at Alma?; B - Cri?ul 










Fig. 5. Trophic spectrum in Albumus alburnus; A - Cri$ul Alb at Alma?; B - Cri$ul Alb at 
Chi$ineu-Cri$; C - Cri§ul Negru at Zerind. 
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ironomidae (94.5%) 
Fig. 6. Trophic spectrum in A - Gobio kessleri, Cri§ul Alb at Alma?; B - Gobio gobio 





other insects (3,8%) 
Fig. 7. Trophic spectrum in A - Barbus barbus, Criçul Alb at Aciufa; B - Barbus 




Fig. 8. Trophic spectrum in A - Phoxinus phoxinus, Crijul Negru at Stei; B - Cottus gobio, 
Crijul Negru at Poieni. 
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An analysis of the data obtained from every station gives us the following records: 
a) food of the fish reflects only partially the abundance of benthic populations. Thus, at 
Alma?, chironomids are preferred by Gobio albipinnatus, Alburnus alburnus,Gobio 
kessleri. Although they are not prevalent, Alburnoides bipunctatus feeds not only on 
chironomids but also on other insect larvae. At §tei (Station 10) it was noted that 
Alburnoides bipuctatus and Barbus peloponnesius petenyi feed on larvae of Baetis 
fuscatus (numerous!). 
b) detritus represents an important percentage of the food of many species. This leads us to 
the idea that ichthyofauna has the possibility of using an important source which 
appears especially within the conditions generated by the water eutrophicaticm. 
Ichthyofauna creates an efficient control on benthic populations and, at the same time, 
may determine the ratio of the detritus. In this way, at Alma§ (Crijul Alb, Station 5) we 
remarked a different diet in Gobio kessleri, Gobio albipinnatus, Alburnus alburnus and 
Alburnoides bipuctatus (Figs 2-6). Gobio kessleri prefers chironomids in a proportion of 
94.5% while Gobio albipinnatus and Alburnus alburnus in a proportion of 57 .9% and 
5 3 . 7 % respectively, completing their food with detritus and other insect larvae. As regards 
mayfly larvae, Alburnoides bipunctatus and Alburnus alburnus prefers them in a 
proportion of 3 7 . 1 % and 1 1 . 2 % respectively. Although caddisflies of family 
Hydropsychidae are frequent in the benthos from Alma?, their proportion in fish food 
doesn't exceed 9.4% (in Alburnoides bipunctatus). 
The same differences appear at Ineu (Cri$ul Alb, Station 6): Gobio albipinnatus uses 
chironomids in a proportion of 62.8% and Hydropsychidae caddisflies only 2 . 3 % while 
Alburnoides bipunctatus "balances" these proportions ( 18 .5% for chironomids and 3 1 . 5 % 
for caddisflies). 
At $tei, water eutrophication generates the accumulation of large quantity of detritus 
which appears as an important element (50%) in the food of the species Alburnoides 
bipunctatus, Phoxinus phoxinus and Barbus peloponnesius petenyi. The percentage of 
mayflies larvae (up to 40.7% on Alburnoides bipuncatatus) must be pointed out. 
At Zerind (Cri§ul Negru, Station 13) the two main fish populations (Alburnus alburnus 
and Gobio albipinnatus) control the two main food sources: detritus ( 7 5 % for the first 
species) and chironomids (76.9% for the second one). 
Conclusions 
The presence of caddisflies larvae along the rivers Cri$ul Alb and Crijul Negru allows 
us to use them as an indicator of division into zones. Unlike Some? (G&ldean, 1994), Cri$ul 
Alb and Cri$ul Negru has less mayflies species with a more irregular distribution. Thus, 
only Caenis moesta and Ephemerella ignita are present in almost all sampling stations. 
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This is due to the "division" of the biotopic conditions as a result of the punctual 
sources of the organic loading (Fig. 3). 
Both Cri§ rivers (Alb and Negru) flow at a low altitude in a field area and have at least 
two major influences: 
a) an important increase of the temperature during summer, especially within the past few 
years, and extreme drought, correlated with the decreasing on the water flow; 
b) the effect, accumulated in time (without being well distinguished), of the draining of 
organic fertilizers in the river bed. Even during the past few years when the conditions 
were favorable (the lack of fertilizers or their prohibitive price), the ecosystem reacted 
on the organic loading, developing those associations which could consume the excess 
(associations with Hydropsychidae larvae, hirudineans). 
Ichthyofauna has a very important part especially within the areas affected by the 
pollution of an urban origin, consuming a part of the accumulated detritus. 
The preservation of the ichthyofauna diversity is vital for maintaining the equilibrium 
of these two rivers. At Borz (Station 1 1 ) on the Cri§ul Negru, the 4 species of Gobio have 
particular habitats (Fig. 11), but, at the same time, they depend on the maintenance of the 
benthic fauna. 
Concerning the Cri$ul Repede, it wasn't possible to realise a biological division into 
zones. 
Despite the geographical conditions of the river flowing through a densely populated 
region, the biological state of the system is rather satisfactory! Up to the Cheresig sector 
(Station 10), two main factors can be taken into account: 
a) the variations of the flow, induced by the releasing of the water from the dam reservoirs; 
b) the missing of the protective effect the floodplain (disappeared as a consequence of 
impoundment). 
By the faunistical analysis, it can be concluded that some taxa may be considered 
significant enough: Baetis vernus, Ecdyonurus dispar, Ephemerella ignita, species of 
Hydropsyche. The absence of E.insignis larvae in some sampling areas is significant, too. 
The lotic system reacts to these factors by some strategies: 
a) preponderance of the species who can use the periphyton or particulate organic matter; 
b) the increasing of diversity in stations 7 and 12, substrata being heterogeneous; 
c) the developing of the submerged macrophytes-phytophillous fauna compartment, in 
order to use the exceed of mineral nutrients. 
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In comparison with the Crijul Alb and Cri$ul Negru, the lotic system of the Cri§ul 
Repede seems to be more influenced by the dams: 
- the missing of stoneflies larvae in almost all sampling areas. 
- the missing of mayflies of the family Siphlonuridae. 
On the other hand the sector Fughiu and Ale?d are more diverse and the presence of 
Oligoneuriella rhenana larvae is relevant for the quality of the water. 
There is a pattern strategy as a response to stress factors and for maintaining an 
optimum number of species. 
The tendency of simplifying the structure of lotic biocenosis is evident. This 
phenomenon is common for many Romanian rivers. 
References 
Bánárescu. P. (1957): Analiza zoogeograficá a faunei ihtiologice a R.P:Románe.-Probl. geogr. 
Bueure$ti, 1,: 199-215. 
Cocean, P. (1988): Chei $i defdee din Mun(ii Apuseni.- Edit.Acad.R.S:R, Bucurejti: 137-146. 
Cummins, K.W., Minshall, G.W., Sedell, J.R., Cushing, C.E., Petersen, R.C. (1984): Stream 
ecosystem theory. - Verh. Intemat. Verein. Limnol. Stuttgart, 22 (3): 1811-1818 
Gáldean, N. (1994): Biological division of the Some? River into zones according to the mayflies 
fauna (Insecta: Ephemeroptera). Trav. Mus. Hist. nat. "Grigore Antipa". Bucure?ti, 34,: 435-454. 
Gáldean, N., Bacalu, P., Staicu (Gabriela). (1995): Biological division of the rivers Cri$ul Alb and 
Crijul Negru into zones according mayflies fauna and of the ichthyofauna. - Trav. Mus. Hist. 
nat."Grigore Antipa". Bucure?ti, 35,: 567-592. 
Gáldean, N.. Staicu (Gabriela). (1996): The carrying capacity assessment of the lotic system Crijul 
Repede (Tisa area catchement, Romania), based on faunistical analysis. - Trav. Mus. Hist. nat. 
"Grigore Antipa". Bucurejti. (in press) 
Grigore M. (1989): Defileuri, chei ji vái de tip canion in Romania. - Ed.$tiin|ificá ?i Enciclopédica, 
Bucure?ti: 72-80. 
Hamar, J., Sárkány-Kiss, E. (edits). (1995): The Maros/Mure? River Valley. A study of the 
geography, hydrobiology and ecology of the river and its environment. - T1SCIA monograph 
series. Szolnok-Szeged-Tárgu-Mure?, 257 pp. 
Ujváry, I. (1959): Hidrografía R:P:R.- Edit. Acad.R:P:R. Bucure?ti,: 1-287 
Vannote, R:L:, Minshall, G:W:, Cummins, K.W., Sedell, J.R., Cushing, C.E. (1980): The River 
Continuum Concept. - Can. J. Fish. Aquat. Sci. Canada, 37,: 130-137. 
Nicolae Gáldean, Gabriela Staicu and Petru Bacalu 
Muzeul de Istoria N atúrala "Grigore Antipa" 
Sos. Kisseleff /. 
79744 Bucurefti, Romania 
261 

A study of the plecoptera species in the Cri^/Koros1 rivers 
Cristina Buzan & Andrei Sárkány-Kiss 
Abstract 
The authors studied the prevelance larvae in the benthos of Crij/Koros rivers. 
According to eight identified indicator species (the quality of the water has been 
determined). In the case of many species new sites are designated for the Romanian fauna. 
The species Dinocras cephalotes was identified in Crijul Negru. This species hadn't been 
found for the last 20 years in Romania. 
Keywords : Insecta, larvae of Plecoptera, benthos. 
Introduction 
The Plecoptera species spend most of their lives in larva form in the water. Due to their 
sensitivity towards the environmental conditions, the different species appear only in a 
certain type of water and in general they prefer the upper run of the rivers. They prefer 
oxygen and vegetation rich stenotherm waters. Due to these preferences the plecoptera 
species are present only in the upper run of the rivers, where the temperature conditions of 
the water, their organic load and in general the climatic and the hydrological conditions 
correspond to the necessities of life of the larvae. 
In the specialised bibliography do not exist references to the plecoptera larvae in the 
Cri§ Basin. In B. K i s ' s ( 1 9 7 4 ) faunistic study the majority of the species identificated by 
us are mentioned as adult forms in the Apuseni Mountains. 
1 The firs name is Romanian, and the second Hungarian. 
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Melaríais and methods 
The study method was based on the observations made during the fieldwork 
(especially the observations that characterise the river bed at the collecting sites) and on the 
collected material that was later prepared in the lab. It was taken qualitative samples (larvae 
specimens collected with tweezers from the inner surface of the stones and from the river 
vegetation or from the leaves, branches fallen in the water) and quantitative samples 
collecting all the larvae from the determined surfaces. In the majority of the habitats the 
quantitative collection is impossible with benthon sorber because of the low abundance. 
The determination of the material, especially of the small-size genus was performed 
with stereomicroscope. For the determination of the species we used the following 
characteristics of the larvae: the dorsum patterns, the branchiae, the hoary, the cover of the 
pteroptecs, the legs and the abdomen. Many of these characteristics have various forms, 
which in certain individual variations, larvae age variations, ecological variations may 
superpose cases and variations according to the altitude of the collecting sites. After 
selecting the benthos in the v alley of the three Cri$ rivers (Cri§ul Alb/Feher-Koros, Cri§ul 
Negru/Fekete-Koros and Crijul Repede/Sebes-KorSs) we determined 260 plecoptera 
larvae, belonging to 4 families 5 genus, represented by 8 species. 
Results and discussions 
The analysis of the identificated plecoptera species and the populations: 
Due to the performed studies the following species, presented in the Table 1., were 
identificated: 
1. Perla marginata Panzer, 1799, is a species that characterises the upper run of the 
rivers, being very abundant especially at the spring. It appears in all the three rivers: in the 
Crijul Alb, downstream the spring, the species is very abundant at the first collecting site. 
While leaving the spring it becomes rarer and rarer, its place being overtaken by the small 
phytophagous of the Nemuridae genus, so at the 2nd collecting site (upstream the Mihaileni 
dam) we collected only 3 specimens. At the following two sites (3 and 4) it disappears, 
because of the pollution at the locality Brad, and reappears at the 5th site (Alma§), where 
we could collect only 3 specimens and some exuviae. 
On the Cri§ul Negru river this species is only present in a quite considerable 
population at the upper reach of the river, downstream the spring, at the 8th site (Poiana), 




On the Cri?ul Repede river the species P. marginata appears 53 km from the spring 
only at the 9th site (Stána de Vale) next to the defile where the ascent of the river is more 
abrupt compared to the upper reach where the river has a slow run. 
On the Drágan mountain stream, tributary of the Cri?ul Repede, P. marginata is 
present in a very abundant population near other 5 species (Table I.). 
The larvae of this species are represented by many variations, so our collected 
specimens on the Cri?ul Alb at Alma? have a less pigmentation than those found in the 
spring zone. 
2. The species Perla granáis Rambur, 1841 is a rarer species than the P. marginata. It 
characterises the upper run of the rivers. We collected only in the Drágan stream, among 
the P. marginata and phytophagous species. The adult forms from this stream are 
mentioned by B. Kis (1974.). 
3. The species Dinocras cephalotes Klapek, 1907 also prefers rapid flowing and 
well-oxygenated mountain waters. We collected only in the spring zones on the Cri?ul 
Negru river, at the 8th site (Poiana), where the population abudance is low. Generally the 
species of this genus are rare. Till now this species was mentioned only at the Lacul Bicaz 
and Lacul Rosu, (Kis, 1974), but in the last period it wasn't found in these lakes either. 
4. The species Dinocras megacephala Curtis, 1827, has a similarly limited spreading. 
In the Cri? Basin was identified only in the Drágan stream, where the adult forms were 
mentioned, and in the lad stream, too (Kis, 1974). 
5. The species Isoperla rivulorum Pictet, 1841 , is a rare one in Romania, collected only 
in the Drágan stream. Not even the adult forms were mentioned in the Apuseni Mountains. 
6. The species Nemoura cinerea Retzius, 1783, is the commonest plecoptera species 
in this geographical zone. Being an eurybiont it may appear at the spring zone as well as at 
the lower reaches of the rivers. In the Cri? Basin we determined this species on the Cri?ul 
Alb 12 km from the spring, at the 2nd site (Miháileni) where an abundant population. 
Similar to the population in the Drágan stream, was found at two collecting points: on the 
lad stream with less specimens and at Ciucea (S. CR 11) on the Cri?ul Repede. 
7. The species Rhabdiopteryx alpina Kuhtreiber, 1934 prefers the torrential streams 
and rivers with rich vegetation on their bank. We determined it only on the river Cri?ul 
Negru at Poiana (S. 8.). 
8. The species Rhabdiopteryx neglecta Albarda, 1889, was determined along the lower 
reach of the river Cri?ul Alb at Chi?ineu-Cri? (S.CA 11). In Romania the adult form is 
mentioned only at the localities Mehedia and Sinaia (Kis, 1974). 
The characterisation of the rivers based on the prevalance of the plecoptera 
associations 
The plecoptera larvae, being very sensitive to the pollution of the waters and to the 
decrease of the oxygen in the water, may be used as valuable indicators in the study of the 
running waters. Contrary to the mayflies and to other pollution bioindicators when only 
certain species have the indicator values, the plecoptera larvae are indicators at the 
taxonomic group level. 
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Table 1. 
RIVER Crijul Alb Crijul Negru Cri$ul Repede 
Species / Site 1 2 5 7 8 1 3 4 11 8 
Perla marginata 94 3+ 3+ - 12 5 - - - 10 
Perla maxima - - - - - 4 - - - -
Dinocras cephalates - - - - 2 - - - - -
Dinocras megacephala - - - • - 3 - - - -
Isoperla rivulorum - - - - - 7 - - - -
Nemoura cinerea - 36 - - - 43 8 1 16 -
Rhabdiopteryx alpina - - - - 5 - - - - -
Rhabdyopterix neglecta - - - 5 - - - - -
LEGEND: 
+ = exuvium 
Crijul Alb Criful Negru Crijul Repede 
Site CA 1 - Cri? village Site CN 8 - Poicni Site OR I = DrSgan valley 
CA 2 - upstream from Mihiileni dam CR 3 - lad valley 
CA 5 = downstream from Alma; CR 4 = lad valley 
CA 7 = downstream from Chisineu - Cri? CR 11= Ciucea 
CR 8 = Stana de Vale 
Along the Cri§ul Alb river we can distinguish 3 main reaches: 2 parts with mountain 
and sub-mountain characteristics and one with submontan and field characteristics, the 
Cri§ul Alb basin mostly being situated in a high hill region. As a consequence the river 
preserves the climatic conditions and the required structures for the existence of the 
plecoptera larvae. This was established on the upper reach of the river by collecting a very 
high number of Perla marginata and Nemoura cinerea species larvae. Downstream at the 
1st and 2nd sites the main source of pollution is at Brad on the Cri§ul Alb, which determines 
the disappearance of the plecoptera species from the 3rd and 4th sites. Due to the natural 
clearing capacity of the waters the plecoptera species reappear on the lower reaches of the 
river at the 5th and 7th sites. 
On the Cri§ul Negru river the plecoptera species are present only in the upper run of 
the river at the spring (St. 1 Poiana), where all the required conditions for the development 
of the larvae are present, and 3 species were collected there in a great number of specimen. 
Due to the pollution from $tei nowhere in the river appear plecoptra species. 
The Cri§ul Repede river springs in a hilly country, so the upper reach of this river 
hasn't got a sub-mountain character; this is why its plecoptera fauna is poor. These species 
appear only downstream at Ciucea and Stana de Vale, whence the unfavourable conditions 
cause their disappearance, due to the dams and the existing catchment lakes, and to the 
works on new dams that influence all the lives in this lower river reach. The presence of 
the plecoptera larvae requires the existence of the stony support on uniform sediment in the 
majority of the cases. In the village Cheresig (downstream at Oradea) where although 
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alluvial stones exist in the river bed embedded in a soft stratum, the water is warm, has a 
slow run which makes unfavourable conditions for the plecoptera species. 
Neither a very fast water run means favourable life conditions for the existence of the 
plecoptera larvae, because such a rapid flow might wash intensively the surface of the 
stones and as a consequence the pellicule that creates the support for the existence of the 
plecoptera species is not formed. In some cases this substratum exists, on the other hand 
the larvae are washed away by the current. This might be the cause of the absence of the 
larvae in the Cri§ul Repede Defile where the deep is 1,5 - 2 m and the water speed is 1,5 m 
/ sec. 
The two tributaries, Drigan and lad, are rich in plecoptera larvae, the abundance is 
more obvious on the DrSgan. In the lad valley, although less polluted, the diversity and the 
abundance is in decrease due to the drastic fluctuation in water temperature and to the large 
volume of the water determined by the occasional release of the water from the catchment 
lakes. 
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The comparative study of ephemeroptera fauna 
in the Cri§ul Repede/Sebes-Koros river 
and in one of the Mure§/Maros' section 
Kinga E. Csia, Andrei Sárkány-Kiss 
Abstract 
Examining the groups of living organism in rivers we can evaluate their condition. 
Larvae of Ephemeroptera can offer much information, because this group is present all 
along the running waters; some species are present in upper zones, another species like hilly 
and lowland zones and at last, there are species that like both places. The occurrence of 
Ephemeroptera larvae is determined by the geographical conditions, they depend on the 
substratum, are conditioned by the quantity and quality of the food and by the ecological 
conditions of the running water. Based on Ephemeroptera larvae, which have been 
collected in Cri$ul Repede we consider that its water has good quality. But the influence of 
dams and organic materials load can be felt. In some places the Ephemeroptera larvae are 
totally absent. 
Keywords: Insecta, larvae of Ephemeroptera, Cri$ul Repede river, benthos 
Introduction 
Each river presents some individual characteristics. Many researchers succeeded in 
their classification, based on biological criteria e.g. macrophytes (Butcher, 1933), fishes 
(Thieneman, 1925). Others take in consideration all the biocenosis that exists in water 
(lilies and Botojäneanu, 1965). 
The ecological demand of organisms determines the presence or absence of species in 
biotope. If we know their ecological requirements and the fact that water organisms are 
very sensitive to ecological changes, we can use them as environmental bio-indicators. 
1 The first name is Romanian, and the second Hungarian. 
269 
The Ephemeroptera larvae are useful in characterising the biological zones of running 
waters (G&ldean, 1992). These insects can be found all along the running waters, 
principally in middle or lower reaches of river, other is present in the upper part. In the same 
time these larvae display a dependence on the substratum, their existence being conditioned 
by the main type of food, by the food quantity and by oxygen-concentration in water. 
Being aware of all these facts, with the full acknowledge of the geographical 
circumstances of the river, with searching for groups of living organisms, presence or 
absence of these, we can allow us to inspect the condition of the river and quality of its 
water. 
Materials and methods 
The samples were collected from the spring to the country frontier in 13 sections. We 
have collected samples also from two sections of the two biggest tributaries of Cri$ul 
Repede: Drágán and lad. Creeks. 
The samples were collected with a simple dredge, with the sampling net or directly 
with the pincers from the substratum. In fast flowing waters we handled the dredge on the 
substratum, washing it directly in the dredge. 
The sampling was made on several types of biotopes: 
- stones and gravels with lithorheophilic fauna 
- sandy, clayous or silty bottoms 
- aquatic macrophytes 
- accumulations of coarse debris (leaves, wood) 
- accumulations of fine debris (especially in the slow portions of the running waters). 
The samples were preserved in 29% formol. In the laboratory all samples were sorted 
and the larvae were stored in glass tubs containing 70° alcohol. 
Special works and keys were used for identification (Bogoescu, 1958; Buc§a, 1975; 
Gál dean, 1992; Macan, 1972; Schoenemund, 1930; Újhelyi, 1959). We used the 
index-saprobity of Kolkwitz and Marson (Málácea, 1969). 
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Results and discussion 
Based on existence of Ephemeroptera larvae, the Cri$ul Repede river, with its 
affluence also, can be divided in three parts: 
- spring area 
- mountain district 
- hill and lowland area 
At §aula (4,5 km from the spring) the biotope, the unfavourable conditions don't allow 
the formation of a richer fauna of the Ephemeroptera. In this case we sampled only four 
exemplars of Baetis fuscatus. This species is characteristic of hilly-country running waters. 
In DrSgan and lad the biotopes are characteristic of the upper reaches of running 
waters, which permits the formation of varied fauna of Ephemeroptera. Here we have found 
larvae, which like the clean, oxygen-abundant, fast waters, e.g. Rhithrogena semicolorata, 
Ecdyonurus sp., Epeorus assimilis. 
The presence of Ephemera danica species in DrSgan (near Traniju village), in lad 
(before it reaches in Cri§ul Repede), demonstrates that in these samples there is an 
accumulation of sandy, clayous sediment among stones, because this larvae likes these 
living places. 
At Ciucea we found typical lithorheophylic species. Next to riverside, where the water 
stream is slow, the aquatic plant Potamogeton crispus L. offers living space for 
Potamanthus luteus and Ephemerella ignita larvae. 
At Bologa the omogenous substratum, with medium-sized and fine gravels and low 
flowing water, the biotope isn't favourable for Ephemeroptera larvae. The biotecton and 
the leaves are absent, too. We have collected a few specimens from ripal zone where the 
water plants are present near the big stones that are embedded in the substratum in some 
places. As a consequence, the Ephemeroptera fauna is poor. 
In Cri$ Strait the river presents the characteristics of mountain area. The 
Ephemeroptera community formed on stones and gravels, includes many species, most of 
them are typical rheophilic forms, liking the well-oxygenated waters. 
At Alejd the number of lithorheophilic species have been reduced and species of 
Ephemeroptera typical for hilly areas are preponderous. (The second area interferes with 
the third one). 
The biotope is made up from biotecton covered stones; upon on a gravel and sandy 
bed, accumulations of fine organic debris occur among the stones. 
Taking into consideration the low altitude, the water temperature of 2 1 ° C and its 
strong turbidity, we didn't expect to find a high variety of species. Instead of this, we found 
a rich fauna. It can be explained with the accumulation of organic debris, which assure the 
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required quantity of food for this biocenose and with the strong flow of water, providing a 
good oxygenating. 
We stress the importance of Oligoneuriella rhenana larva. This species is very 
sensitive to diminution of oxygen contents in water. It is characteristic of that part of river, 
where the transportation phenomena has prevalence (corresponds to the metharithron of 
Illie$ and Boto$Sneanu, 1963), where the substratum is formed from middle sized stones, 
among which organic debris, gravels and sand are accumulated. We have found this larva 
in 1994-1995 in Mure? river, near Brancovene?ti village. The place where we collected the 
samples was situated at the upper part of Middle Reach, where the influence of Mure? Strait 
is felt. There, Oligoneuriella rhenana formed stable population, fact that is proved by many 
samplings. The biocenosis is rich in Ephemeroptera fauna, because it is formed on medium 
sized gravels, stones, with sand and agglomerations of organic debris. This fauna includes: 
Potamanthus luteus L., Oligoneuriella rhenana Imh., Baetis alpinus Pict., B. fuscatus L., 
B. rhodani Pict., B. melanonyx Pict., Centroptilum pennulatum Etn., Caenis macrura 
Steph., Habroleptoides modesta Hagen, Paraleptophlebia submarginata Steph., 
Ephemerella ignila Poda, Torleya belgica Lest., Ecdyonurus insignis Etn., Ecdyonurus 
grupa dispar (E. fluminum Pict., E. dispar Curt.), E. venosus Fabr., Heptagenia sulphurea 
MOll. 
In Crijul Repede at Ale§d we collected a few exemplars of Oligoneuriella rhenana. 
At Tileagd, next to the lake, under the catchment area, most of the species, which were 
founded at Alejd, disappeared. We collected only three species between the stones, covered 
with algae and water macrophytes. 
At Fughiu we also found a reach Ephemeroptera fauna. The biotope is rather similar 
to the sampling place in Ale$d. The Polymitarcis virgo species is preponderant. This 
species is living in big waters, where the transportation phenomena are prevalent. There 
were found less Oligoneuriella rhenana specimens than at Alejd. 
At Cheresig the Cri§ gives the aspect of a typical lowland river, with a wide riverbed. 
The accumulation phenomena is dominant in sandy, clayous and silty bottom. The 
Ephemeroptera larvae were totally absent due to pollution. In the near lakes have been 
collected some specimens of Cloeon dipterum. 
Conclusions and proposals 
The saprobic indexes of the collected larvae are oligosaprobic and a-mezosaprobic, 
based on Kolkwitz and Marsson system (MSlScea, 1969). 
According to Ephemeroptera fauna, the upper part of the river, including the affluence, 
may be considered having good quality. There were collected mainly a-mezosaprobic 
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species and at the same time we found oligosaprobic species, too, e.g. Rhithrogena 
semicolorata, Oligoneuriella rhenana, liking the oligosaprobic and a-mezosaprobic zones. 
But at Cheresig we didn't find larvae of Ephemeroptera in the river. There the 
ecological conditions aren't favourable for these delicate larvae. 
With full acknowledge of these facts, we suggest the diminution of the load of organic 
material and we propose the purification of the industrial and communal outlet waters. 
Larvae of Ephemeroptera are an important link of trophic web in rivers; their 
destruction endangers the equilibrium of all river ecosystems. 
Table 1. Range of Ephemeroptera species in the Cri§ul Repede/Sebes Körös Basin 
R1 = Indicatives from the Red List; 1 = Zema streamlet; 2 = Valea Dráganului; 
3 = lad under Reme(i village ; 4 = lad, before it reaches in Cri$ul Repede ; 
5 = $aula; 6 = Bologa; 7 = Stána de Vale ; 8 = Vadul Cri$ului; 9 = Ciucea; 
10 = under Ale$s; 11 =Tileagd; 12 = Fughiu; 13 = Cheresig. 
No 
2 ~ Ephemera danica Milll " v " + + i + 
3 Potamanthus luteus L. V + + + + ! + 
4 Oligoneuriella rhenana Imh. E + i + 
5 Baétis alpinus Pict. V + + + 
6 Baétis fuscatus L. R + + 
7 Baétis muticus L R + + 
8 + + + + + + 
9 Baétis vernus Curt K + 
10 Baétis scambus Etn K ! + 
II Cloéon dipterum L. rC i + 
12 Caenis macrura Steph rC + + + + + ! + 
11 + + 
14 Torleya bélgica Lest K + 
Í5 Epeorus assimilis Etn. R + 
16 Ecdyonurus insignis Etn V + + + 
17 Ecdyonurus grupa dispar 
E. fluminum Pict 
E dispar Curt 
V 
V 
+ + + + : 
i 
18 Ecdyonurus venosus Fabr V + + + i + + 
19 Rhithrogena seniicolorata Curt. R + i + T 
20 HeptaKema sulphurea Müll. R i + 
21 Ephemerella Ígnita Poda rC + + + + + + + + + i 
22 Baétis sp. + 
23 Ecdyonurus sp + + + + 
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Occurrence of amphibious bugs, water bugs and ground 
bugs in the catchment area of the Cri§ul Alb, Cri§ul Negru 
and Cri§ul Repede rivers 
Attila Kecskés 
Abstract 
Research carried out so far on Ihis subject demonstrates the presence of twenty bug 
species in the catchment area of the three Cri§ rivers. Due to our current studies we may 
add nineteen new species to the bug fauna of the region and confirm the existence of 
eighteen previously mentioned species. 
The thirty-seven species found by us are represented by 1048 collected samples 
belonging to the following taxonomic categories/orders: 
Hydrocorisae: 539 samples of thirteen species 
Amphibiocorisae: 398 samples of thirteen species 
Saldidae: 1 1 1 samples of eleven species 
In this work we shall describe species living in rivers and we shall try to give a proper 
explanation to the frequency or infrequency of certain species. Our most important 
conclusion referring to the distribution of different species is that their diversity is much 
higher for natural reaches, the water-bugs are more numerous and represented by more 
species in stagnant waters, and the diversity of the amphibious bugs is the highest on 
middle and lower reaches. The greatest variety of ground bug species are to be found on 
upper reaches or stony river banks. 
These species are not threatened by extinction, but their existence is closely connected 
with the natural conditions of rivers. They don't appear sensitive to industrial water 
pollution, as demonstrated by the high number of samples collected in polluted water near 
the city of Petru Groza. 
Keywords: bugs, Cri§ rivers' valleys. 
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Introduction 
The representatives of these bug groups are to be found in every type of water from 
the sub-alpine to the sea-zone. Some species may be present in such a high number that 
they are damaging to fisheries. Other species are considered bio-indicators. However 
numerous they are, data referring to their occurrcncc in Romania are very few and above 
all faunistic. There are no references to the quality of the living places; only the names of 
the localities or counties are mentioned. 
Tab. 1.: Data concerning the catchment area of the three Cri§ Rivers 
(based on Paina, 1975) 
WYDROCORISAE: BIHAR COUNTY ARAD COUNTY 
l.Notonccta glauca Oradca Incu 
2. Plea minutissima Oradca 
3. Corixa punctata Oradca 
4. Hcsperocorixa linnci OTadca 
5. Sieara falleni Oradea 
6. Si uara striata Oradea 
7.Nepacinerea Oradea Ineu 
8. Ranatra linearis Oradea 
9. Naucoris cimicoides Oradea 
10. Aphelocheirus aestivalis* 
AMPH1BIOCOR1SAE: 
TJma$da 
11. Aquarius paludum Oradea 
12. Geris lacustris Vadu Cri$ului, Oradea Moneasa 
13. Geris odontogaster Oradea 
14. Microvelia reticulata Moneasa 
15. Hvdrometra stagnorum Vadu Cri$ului 




17. Macrosaldula scotica Oradca 
18. Saldula arenicola Vadu Cri§ului 
19. Saldula opacula Moneasa 
20. Saldula saltatoria Bude$ti, Incu 
BSnSrescu's data in Paina (1988) 
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Data restricted to the catchment area of the three Cri§ rivers are insignificant, so we 
had to use data referring to the closest place names. Thus, the data included in Tab.l.-
mostly from Paina's work on the Romanian Fauna (1975), must be dealt with reservations. 
Our data have been collected the Crijul Negru and Cri$ul Alb rivers and on the 
catchment area of the Tac5$ele brook (in the vicinity of Avram Iancu village, Alba county) 
between the 6th-12th of August 1996, downstream the Crijul Repede river and its two 
affluents, the DrSgan and the lad rivers between the 20lh-27,h of July 1995. 
Materials and Methods 
Contrary to the twenty species mentioned so far - 10 species of Hydrocorisae, 6 
species of Amphibiocorisae, 4 species of Saldidae - we managed to determine 37 species -
13 species of Hydrocorisae, 13 species of Amphibiocorisae, 11 species of Saldidae - during 
our research on the three Cri? rivers. 
Our collected material contains: 
539 samples of water-bugs, 398 samples of amphibious-bugs and 1 1 1 samples of 
ground bugs. 
Because of the life style of these bug-groups we could not realize a quantitative 
survey, only a qualitative one. At every sampling place we tried to collect samples 
proportionally to their frequency. We collected the water- & amphibious-bugs samples 
with a limnologic net from the bottom and the surface of the waters and the leaves of 
floating plants. Ground-bug samples were simply caught by wet hands, except the 
Macrosaldula species which couldn't be approached so close and therefore samples were 
caught with net. 
The collected material, grouped according to the sampling-places and habitats, was 
stored in ethylalcohol strong of 70 degrees. Samples were determined with 
stereo-microscope on the basis of external morphological marks. If needed, we took into 
consideration genital characteristics as well. 
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Sampling Places 
T i b . 2 . : T h e Mil o f t h e i p e e i e i c o l i e c t c d d o w n s t r e a m t h e C r i f n l A l b r i v e r 










Acn| a Acnf a Ah»; Ion CkitUK« 
Cri, 
mum 
R S R R S R R R R 
Pkamioutissuna 5 5 
Micionecta scboltzi 4 1 39 44 
Corixa punctata 1 1 
Sign nigral meata 4 4 
Ncpacinerea 4 3 7 
Ranatra linearis 1 1 2 
Aquarius paiudum 1 1 15 12 5 34 
Genis tboncicas 1 1 
Gems lacustns 4 7 3 5 1 20 
Miaovelia reticulata 5 5 
Hvdronietn sUgtKxum 8 2 11 7 28 
Chartoscirtacincta 1 1 
Macrosaldula variabilis 1 1 
Saldtla arecKob 7 7 
Saldula pallipes 1 1 
SaMala palustre 1 1 
Saldula opacu la 7 7 
Saldula saltatona 6 6 
TtUll:: 18 4 5 7 18 51 32 34 6 175 
Smiaufsfteia 5 ! 2 1 7 5 4 6 2 18 
Cri§ R: river reaches above Cri§ village 
The pool above Brad city S: a 10 m long and 0.5-1 m deep pool at a distance of several 
meters from the river, loamy bottomed, with muddy water, covered with spots of rush. 
The brook above Brad city R: at a distance of 15 km from the Cri$ul Alb river, stony, 
loamy bottomed brook, with grassy banks. 
Below Brad city R: river reaches below Brad city. 
Aciu(a R. river reaches near Aciuta village. 
Aciu?a S: a pool 2 5 m in diameter, 6-8 m deep, loamy bank and bottom, muddy water, 
on the surface rare marsh vegetation. 
Alma§ r ' v e r reaches near Alma§ village. 
Ineu R: river reaches near Ineu city. 
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T a b . 3 . : The list of the species collected downstream the C'ri?ul-Negru River 
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Totally: 5 20 15 15 39 11 10 21 136 
The number 
of species 
3 7 2 3 2 4 5 3 20 
T a b . 4 . : Tke l l t l of the specie* col lected d o o w i l r c a m the Cr l»u l Repede River 
IK - river, S - stagnant water/ 
5 B The Valley of C The The A The 1 After Tot-
a o the Drigio 1 VOry Cri»- 1 cu- • O ally 
Species B 1 Creek a of (he Stralt e tera 1 r 
1 o c lad * at 1 a 
a g a 
Geek d A leid t d 
e 
a 
R R R| s, Ri s, R s R S s, S2 R R S R R R S 
Notonecta glauca 1 2 10 11 4 28 
Notonecta viridis 1 1 
Plea minutissima 3 1 4 
Micronecta poweri IS 2 3 20 
Corixa punctata 2 2 
Sigara falleni 2 1 21 24 
Sigara striata 1 4 5 
Sigara nigrolineata 67 24 »1 
Sigara lateralis 1 1 37 39 
Nepa cinerea 3 2 5 1 11 
Ranatra linearis 1 1 2 4 
Naucoris cimicoides 6 6 
Limnoporus ruf. 3 2 5 
Aquarius pallidum 2 1 6 1 1 11 
Genis lacustris 12 1 1 12 8 6 11 30 3 1 85 
Gerris odontogaster 5 4 5 6 1 21 
Gerris argentatus 2 1 3 
Gerris costae 1 2 1 4 
Gerris thoracicus 1 2 6 1 3 2 4 4 23 
Microvelia reticulata II 1 2 14 
Microvelia pymaea 9 9 
Velia saulii 10 ll 1 22 
Mesovelia furcata 7 3 I 11 
Hebrus ruficcps 2 2 
Hydrometra stag. 2 1 3 17 3 2 28 
Chartoscirta cocksi 1 1 
Macrosaldula scotica 5 5 
Saldula arenicola 7 5 12 
Saldula pallipes 7 3 4 1 1 16 
Saldula opacula 1 1 2 4 
Saldula saltatoria 1 1 1 2 2 7 
Totally: 41 6 28 4 II 99 14 19 2 12 56 67 9 13 15 32 5 4 78 518 
Number of species: II 4 6 2 l 7 5 5 1 3 6 5 4 8 7 9 3 2 9 31 
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Chijineu Cri§ R: reaches near the city. 
Poiana R: reaches above Poiana locality. 
Petru Groza R: reaches near Petru Groza locality. 
Petru Groza S: a pool immediately at the river, stony-muddy bottom, turbid-brown 
water, no vegetation at all. 
Borz R: reaches above Borz locality. 
Borz S: pool next to river, slightly turbid water, sony-loamy bottom, without 
vegetation. 
Tinea R: reaches near Tinea locality. 
Zerind R: reaches nearZerind locality. 
The Cri§ Channel S: the channel near Salonta city, linking the Cri§ul Negru and Cri§ul 
Repede rivers, its whole surface being covered with floating plants. 
§5ula R: reaches near §5ula locality. 
Bologa R: reaches near Bologa locality. 
The Valley of Dragan 
R1: reaches near Trani§u locality. 
S I : the cistern of the DrSgan river. 
R2: the brook near Valea DrSganului locality. 
S2: pool near Valea DrSganului locality resulted from moisture, far from any river, 
with slightly turbid water, loamy bottom, a few marsh-plants. 
Ciucea F: reaches near Ciucea locality. 
Ciucea S: pools immediately at the river, stony and loamy bottom, clear water, diving 
water-plants in it. 
The Valley of lad 
R1: reaches below Reme{i locality. 
R2: reaches close to the lad rivers flowing into the Cri§ul Repede river. 
The Strait of the Cri$ul Repede river 
S 1 : pools in a loamy brook bed, with rare herbaceous vegetation on the surface. 
S2: eutrophic pools permanently filled with water, with a loam-layer of about 30 cm 
on the bottom, with muddy water covered with spots of Fontinfalis sp., marsh plants 
(reed-grass) and tree trunks fallen into the water. 
R: reaches in the defile. 
Ale$d R: reaches below Ale§d city. 
The cistern of Ale$d S: pools on a promontory in the lake covered with grass, fitted 
with muddy water. 
R: the original river bed below the cistern, 20-25 cm deep water, stony bottom, along 
the banks the water surface covered with seaweed. 
Fughiu R: reaches below Fughiu locality. 
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Tab. 5.: The list of the species collected on the catchment area 
of the Tacijele Creek 
Number, of 
Species specimens 
1. Notonecta viridis 5 
2. Notonecta glauca 27 
3. Corixa punctata 37 
4. Hesperocorixa linnei 1 
5. Sigara lateralis 10 
6. Sigara striata 1 
7. Sigara nigrolineata 88 
8. Nepa cinerea 4 
9. Gerris odontogaster 12 
10. Microveria reticulata 24 
11. Hydronietra stagnorum 3 
12. Saldula opacula 1 
13. Saldura saltatoria 1 
Totally: 214 
Oradea R: reaches below Oradea city. 
S: pools far from the river, covered with reach marsh-vegetation (reed, bulrush, sedge 
rush), slightly turbid water, loamy bottom, on the banks spots of flooded grass. 
The catchment Area of the TacS$ele Brook in the vicinity of Avram lancu village 
(Tab. 5.). Pools quickly drying up, 1-2 m in diameter, 10-20 cm deep, muddy water, loamy 
bottom, no vegetation at all, sometimes buffaloes are bathing in them. 
Results and Discussion 
According to earlier data, as Table 1. and 6. show, the following species aren't 
mentioned as present in the waters of the catchment area of the three Cri§ rivers: Notonecta 
viridis, Sigara nigrolineata, Gerris costae, G. thoracicus, G. argentatus, Velia saulii, 
Mesovelia furcata, Chartoscirta coxi, Macrosaldula variabilis, Saldula pilosella, Saldula 
palustris, Saldula melanoscela. 
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Tab. 6 . : The summarized list of species collected 
at the three Crif Rivers 






Notonecta viridis 1 5 
Notonecta ttlauca 1 28 27 
Plea minutissima 5 1 4 
Micronecta scholt/i 44 
Micronecta Dowcri . 20 
Corixa punctata 1 2 37 
Hesperocorixa linnci 1 1 
Sittara fossamm 
Sieara falleni 24 
Siuara lateralis 40 39 10 
Sicara striata 5 1 
Sittara nigrolincata 4 15 91 88 
Sittara limitata 
Ncoa cinerea 7 II 4 
Ranatra linearis 2 2 4 
Naucoris cimicoides 3 6 
Tolallv (Hvdrocorisae): 6J 63 235 173 
Total number of soecies: 6 7 12 8 
Amphlbiocorisae: 
Limnoporus rufb scutellatus 5 
Aquarius naludum 34 7 II 
Gerris costae 4 
Gcrris lateralis 
Gerris thoracicus | 23 
Gerris lacustris 20 6 85 
Gerris odontonaster 21 12 
Gerris argentatus 3 
Microvelia reticulata 5 14 24 
Microvelia ovemaea 9 
Velia saulii 22 
Mcsovclia furcata 17 II 
Hcbrus ruficcDS 2 
Hvdrometra staimorum 28 3 28 3 
Totally (Amphibiocorisae): 88 33 238 39 
Total number of species: s 4 3 




Täcä$ele Some? Total 
Saldidae: 
Chartoscirta cipcla 1 1 
Chartoscirta cocksi 3 1 1 5 
Macrosaldula scolica 1 5 7 13 
Macrosaldula variabilis 1 5 
Saldula pilosella 1 1 
Saldula arcnicola 7 26 12 49 94 
1 1 16 18 36 
Saldula palustris 1 3 
Saldula opacula 7 1 4 1 2 15 
6 7 1 6 20 
Saldula melapojcela 1 1 
Total fSaldidae): 24 40 45 2 83 194 
Number of species: 7 9 6 2 6 " 
Total: 175 136 518 214 461 1539 
Total number of species: 18 20 21 13 » 41 
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Most of these can be considered rare, as demonstrated by our research, but three of 
them turned out to be quite common in the studied area: Sigara nigrolineata, Gerris 
thoracicus, Mesovelia furcata. 
We did not find two species mentioned in earlier works: the Aphelocheirus aestivalis, 
found in the Crijul Negru river, near T5ma§da locality, data published by Paina in 1988, 
based on the collection of BanSrescu; and the Hydrometra gracilenta mentioned as present 
near Moneasa i n 1916 (Paina, 1988). However, we cannot state that these two species have 
completely disappeared, as being rare they are hardly noticeable. The defective research in 
this field in Romania also diminishes the possibility of a sure statement. 
A s Tab. 6. shows, the following water-bug species, here presented in decreasing order 
of their frequency, can be considered rare: Hesperocorixa linnei, Notonecta viridis, Sigara 
striata, Ranatra linearis, Naucoris cimicoides, Plea minutissima. 
The only very infrequent species is the Notonecta viridis. The other rare species may 
be in a great number if the conditions are suitable: in pools and lakes covered with rich 
vegetation, but they appear only accidentally in rivers. 
The Ranatra linearis species is characterized by a small number of the samples. 
Therefore it may appear rare, but it is to be found in different places: deep river reaches rich 
in vegetation and stagnant waters covered with plants as well. 
As Tab. 2, 3, 4, 5 show, water-bugs generally appear in greater number and are 
represented by more species in stagnant waters than in rivers. The water-bugs species 
characteristic of the rivers are: Nepa cinerea, Ranatra linearis and Micronecta poweri. 
From among the amphibious bugs the species Hebrus ruficeps, Gerris argentatus, G. 
costai, Limnoporus rufoscutcllatus, Mivrovclia pygmaea were represented by very few 
samples. The presence of these species mostly characteristic stagnant waters, thus in the 
studied area they can be considered infrequent. 
The other collected amphibious-bug species, save the infrequent Hebrus ruficeps, can 
be found in rivers as well. This fact demonstrates that amphibious bugs accommodate 
themselves better to rivers than water-bug species do. 
Moreover, some amphibious bug species give preference to rivers, like the Velia 
saulii, Aquarius palludum, Hydrometra stagnorum, Gerris lacustris species, which are to 
be found in the bays of mountain-brooks. They usually avoid strong currents and linger in 
little bays, close to the banks and the plants hanging down in the water. 
Most species of ground-bugs (Saldidae) must be considered infrequent, especially the 
species Chartoscirta cincta, Saldula pilosella, S. melanoscela, S. palustris, Chartoscirta 
cocksi, Macrosaldula variabilis, M. scotica. The Saldula pilosella and the S. palustris 
species, being attached to salty waters, appear along and on the Cri§ rivers only 
occasionally. 
Most rare ground bug species live in the stony banks of quick rivers in the mountains, 
a fact also proven by our other research. 
Frequent species, including Saldula arenicola, S. pallipes, S. saltatoria and S. opacula 
usually inhabit all types of banks (sandy, loamy, stony). These frequent species which live 
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on stony banks may present a challenge to rare species living in 
the same place, thus diminishing the rare species chance to 
survive. 
Examining the quality of the rivers (Tab. 6.) in connection 
with the variety of species, we conclude that far more water and 
amphibious bug species inhabit the Cri§ul Repede river than the 
other two rivers. However, concerning the number of the ground 
bug species, the Crijul Negru and Crijul Alb river lead. 
In our opinion, the explanation of this phenomenon lies in 
the fact that along the Crijul Repede river we found a greater 
variety of habitats and we took samples from more places. 
Conclusion and Proposals 
At the sampling sites below Brad, the Cri$ul Alb river and 
near Petru Groza locality the Cri§ul Negru river the water was 
polluted with mining-industry and urban outlet water. At the 
place first mentioned we found only one bug species, but at the 
second place the greatest number of bug species along the Cri§ul 
Negru river was collected. This fact allows us to conclude that the 
variety of water, amphibious and ground-bug species is 
influenced by pollution only to a slight degree. We rather think 
that the variety of species is especially determined by the variety 
of living places. 
The least number of species was found in cisterns: we did not 
succeed in collecting even one species of water- or amphibious 
bugs there. From among the ground-bugs we found only three 
species on the banks of the cisterns (see Tab. 4.). 
According to our observations, the diversity of the 
water-bug species is greater on upper and middle reaches than on 
the lower river reaches, but their greatest diversity is to be found 
is the stagnant waters. 
The diversity of the amphibious-bug species on the middle 
river reaches is quite similar to that found in stagnant waters 
covered with plants and banks scalloped with bays. The diversity 
of the ground-bugs is the greatest on the upper river reaches. 
Our opinion is that species found by us are not threatened by 
extinction, but in order to preserve the actual diversity of the 
species the natural state of the rivers must be maintained. 
Factors that may cause the disappearance of several bug 
species and thus the decrease of the diversity are the draining 
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reduction of their surface, the building up of concrete treated banks, the strengthening of 
the river-beds and the appearance of quarries. 
Fortunately, the water pollution must be of a very high degree - caused by strong 
poisons or crude oil - to considerably effect the state of studied bug species. 
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Contribution to the diving beetles 
and whirligig beetles study 
(Coleoptera: Dytiscoidea, Gyrinoidea) 
Adrian Ruicânescu 
Abstract 
Within the Cri§ program, the author has made an itinerant study concerning the 
Dytiscoidea and Gyrinoidea fauna, from the hydrographical basins of Cri§ul Alb and Crijul 
Negru rivers. The material sampling has been made from the following sites: Aciuja lake 
(quarry), Aciufa-Avram Iancu (Small pools of the T2cii$ele river), Mihaileni dam upstream 
and Chi§ineu-Cri$ (all in the dept. of Arad-western Romania - for the Cri§ul Alb river), 
Poiana village upstream (in the dept of Bihor) and Zerind (Arad dept. - for the Cri§ul Negru 
river). 
After the analyses of the collected material, we are established larger or more strict 
relationships between the different species and biotopes. 
Generally, we mention a relative good quality for the studied biotopes. 
Keywords: Dytiscoidea, Gyrinoidea 
Introduction 
The Dytiscoidea and Gyrinoidea fauna studies from Transylvania and surroundings 
concerning the faunistical and zoogeographical points have been found in works by Petri 
( 1 9 1 2 ) leniçtea (1978) and Ruicânescu (1988, 1993). 
These works do not give sufficient ecological information. Because of this, we have 
considered it necessary to complete these data with ecological information, for our 
enrolling in these program rules. 
The arguments for this work are: 
1. These insects represent (in the most frequent cases) the peak of the consumers level. 
From this case, they are very sensitive to the allochtonous chemicals or other effects of the 
anthropic activity. 
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2. Being generally good flyers and with "short living" preimaginal phases, these 
insects can indicate, by their absence, any alteration of the local habitat. 
Methods and material 
The material consists of Dytiscoidea and Gyrinoidea specimens collected from the 
following sites: Aciuja-quarry, Aciu{a-Avram Iancu (small pools of the Tac5$ele river), 
MihSileni dam (all in the dept. of Arad-westem Romania - for the Cri$ul Alb river), Poiana 
village (in the dept of Bihor - for the Crijul Negru river). 
The collecting has been made through the bottom dredging of the pools and lakes or 
the specimen collecting through the visual control of the habitats. 
One part of this material was collected in the night time by the Hg vapour lamp. 
In the material, 483 specimens has been determined and are stored in our collection. 
A part of the specimens, belonging to well known species and identifiable directly in the 
field, has been recorded in the notepad and then released. 
Results and discussion 
The collected material consists of 364 specimens belonging to 5 families and 35 
species of Dytiscoidea and 19 specimens, belonging to 2 families and 2 species of 
Gyrinoidea (Table 1). 
After the analyses of the results of our observation concerning the environmental 
conditions of these insects collected from these sites, we can define the following kind of 
ecosystems: 
- Total or most exposed to solar radiation - pools or lakes, on a hill substrate: Aciu{a-A. 
Iancu pools and Aciuja quarry lake (Arad department). 
- Total or partially shaded by the trees crowning pools or lakes, on a hill substrate: 
Aciu{a-A. Iancu pools. 
- Superior river sector, on the limestone substrate: Cri§ul Alb river, upstream of the 
MihSileni dam (Arad department) and Cri$ul Negru river, upstream of Poiana (Bihor 
department). 
- Inferior river sector: Cri§ul Alb river at Chi§inau-Cri$, and Cri$ul Negru river at Zerind 
(both in the Arad department) 
Table 1. The species list of Dytiscoidea and Gyrinoidea species collected and 














' 1 This species has been collected at the light screen here, but in other places, we have found 
in exposed pools or lakes 
Abbreviations: Table head: Nr. spec=number of specimens (between parenthesis, 
number of specimens observed and released); Zoog.=Zoogeographical element, 
l=exposed pools, 2=shady pools, 3=river superior sector, 4=river inferior sector; Obs. 
Observations; Locality column: A=Aciu(a lake, AA=Pools between Avram Iancu and 
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Aciuja, C=Chi§inau-Cri$, M=Mih5ileni dam (pool altered by the anthropic activity), 
uM=upstream Mihaileni dam, P=upstream Poiana locality, Z=Zerind; Observations 
column: C=commons species, rC=relatively common species, R=rare species, with small, 
but actually not endangered populations. 
In the table we have listed all the species collected and observed. Each species is 
accompanied by ecological and zoogeographical data. 
The maximum occurrence of the predaceous diving beetles (Dytiscoidea) is in the 
pools between A. Iancu and Aciu(a, the other occurrences are reproduced in Fig. 1. 
Fig. 1. The diagram of the occurrence localities for the Dytiscoidea and Gyrinoidea 
species (see the table abbreviation for the locality legend) 
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The biotopes occurrence is dominated by the exposed pools, from where we have 







Fig. 2. The diagram of the occurrence of biotopes for the Dytiscoidea and Gyrinoidea 
species 
The zoogeographical structure has been dominated by the Siberian elements, that is 












Fig. 4. The diagram of the faunistical importance structure of the Dytiscoidea and 
Gyrinoidea communities 
From the faunistical importance point of view, there exists 80% common species, 1 2 % 
relatively common species and 8% rare species. We don't find extinct or endangered 
species, but the pound or swamp cleansing can damage the Dytiscoidea and Gyrinoidea 
populations. 
Plenty of Dytiscoidea and Gyrinoidea species have been collected during this 
expedition. Generally, each biotope has been populated with the typical diving beetles and 
whirligig beetles species communities. 
The biodiversity and the occurrences are proving that the anthropic activity is not 
presently endangered in this area. 
From the faunistical importance point of view, we do not find extinct or endangered 
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Study on the Trichoptera fauna in the Romanian section of 
the River Cri$ul Alb catchment area 
Lujza Újvárosi 
Abstract 
On the catchment area of the upper part of the river Cri§ul Alb 19 caddisfly species 
belonging to 7 families were collected by the author in 3 sites in the year 1994. List of 
material is presented. Short faunistical and taxonomical comments are also given. Rare 
Trichoptera species from the research area are presented. 
Keywords: Trichoptera, Cri$ul Alb catchment area, rare species. 
Introduction 
The first trichopterological data of the river Cri? catchment area were published 
around the turn of the century by Mocsáry (1900) and Kempny (1905). No further results 
have been published for almost fifty years. The next step was taken in the fifties by Murgoci 
( 1 9 5 3 ) and Boto§aneanu (1957, 1959, 1961, 1975) as well as Botojaneanu and Nóvák 
(1965) and Boto§aneanu and Schneider (1978). 
A check list of entire Romanian fauna was presented first time in the year 1993, then 
Constantin Ciubuc compiled together the entire Romanian trichopterological literature and 
presented a list of the caddisflies occuring in Romania. The Ciubuc-list contains 267 taxa 
at all, mentioning 17 entities from river Cri§ catchment area (Ciubuc, 1993). Újvárosi 
(1995) published some new and rare species from this area. 
295 
Material and methods 
Two customary collecting methods were applied in our research. Daytime sweeping 
resulted unsignificant material in all three collecting sites, but a few species were collected 
only by this way. Night collecting were usually very fruitful. We always used mercury 
vapour bulbs (250 Watt). These lamps were powered by a portable generating set (Honda 
E G 550 typ). 
The collecting sites was located only along the tributaries of the river Cri§ul Alb. The 
collected sites are presented below: 
1. Blajeni, Crijul Alb river 
2. Avram Iancu, TacSjele stream, tributary ofCrijul Alb river 
3. Aciuja, Cri§ul Alb river 
Results and discussions 
List of material 
The system and nomenclature is based on Boto§aneanu's and Malicky's paper (1978). 
All data with collecting sites, date and number of specimens by sex are given. 
The material is deposited in the collection of Natural History Department of Janus 
Pannonius Museum, Pécs, Hungary, and in Lujza Ujvárosi's collection, Cluj, Romania. 
HYDROPT1LIDAE 
Hydroptilaforcipata Eaton, 1873 - Avram Iancu, Tácá$ele stream, July 11,1994: 2m; Aciufa, Cri$ul 
Alb, July 12, 1994:3m, lf;rC 
Hydroptila lolensis Mosely, 1930 - Avram Iancu, Tácá?ele stream, July 11, 1994: lm, 5f; Aciuja, 
Cri?ul Alb river, July 12. 1994: 1 lm, 44f; rC 
HYDROPSYCHIDAE 
Hydropsyche bulbifera McLachlan, 1878 - Avram Iancu, Tácá$ele stream, July 8: 2m; July 10: 2m; 
July II, 1994: 10m; C 
Hydropsyche contubernalis McLachlan, 1865 - Avram Iancu, Tácá$ele stream, July 10: 1 m; July 11: 
6m; Aciuja, Cri?ul Alb, July 12, 1994: 2m; C 
Hydropsyche modesta Navás, 1925 - Avram Iancu, Tácá$ele stream, July 11: 4m, K. 
Hyropsyche pellucidula Curtis, 1824 - Avram Iancu, Tácá$ele stream, July 10: lm; July 11: 2m; 
Aciu|a, Cri$ul Alb, 8m; C 
Cheumatopsyche lepida Pictet, 1834 - Avram Iancu, Tácá$ele stream, July 10: 2m; July 11: 6m; 
Aciufa, Cri$ul Alb, 25m, 25f, rC 
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POLYCENTROPODIDAE 
Cyrnus Irimaculatus Curtis, 1834 - Avram Iancu, T5cS?ele stream, July 11: 1 f; rC 
LIMNEPHILIDAE 
Limnephilus extricatus McLachlan, 1865 - Avram Iancu, T5c5?ele stream, July 8: If; C 
Limnephilus hirsutus Pictet, 1834 - Aciuja, Crijul Alb, July 12: lm, C 
GOERIDAE 
Goerap/'/osa Fabricius, 1775-Avram Iancu, T5cS?ele stream, July 8: lm;July 10: lm, 7m; July 11: 
lOf; C 
Silo graellsi E. Pictet, 1865 - Blajeni, Crijul Alb, July 6 2m; C 
LEPIDOSTOMATIDAE 
Lepidostoma hirtum Fabricius, 1781 - Avram Iancu, TSc5?ele stream, July 8: 4f; July 10: If; July 11: 
If; rC 
LEPTOCERIDAE 
Ceraclea dissimilis Stephens, 1836 - Blajeni, Cri$ul Alb, July 6:1m; Avram Iancu, Taca$ele stream, 
July 8: lm; July 10: 4m; July 11: 2m,3f; Aciu|a, Cri?ul Alb, July 12: 121m, 54f;C 
Setodes punctatus Fabricius, 1793 - Avram Iancu, T5c5$ele stream, July 11; 3m; ? 
Oecetis notata Rambur, 1842 - Aciu(a, Cri?ul Alb, July 12: 3m, 3f; ? 
Oecetis testacea Curtis, 1834 - Avram Iancu, TacSjele stream, July 11; 35m, 6f; R 
SERICOSTOMATIDAE 
Oecismus monedula Hagen, 1859 - Avram Iancu, TSc^ele stream, July 8, 1 f; V 
PSYCHOMYIDAE 
Psychomyiapusilla Fabricius, 1781 - Avram Iancu, TSc^ele stream, July 10: 1 m. If; July 11: 24 m, 
179f; Aciu|a. Cri?ul Alb, July 12: 37m, 212f; C 
Some faunistical comments 
Setodes punctatus Fabr. It is a rare species in the Romanian trichoptera fauna, only 8 
collected sites was known till now, and it is a new species for the Western Carpathians. It 
is a common species in other European countries (Boto$aneanu and Malicky, 1978). 
Oecetis notata Ramb. has a wide-spread in Europe, especially along the slow water 
courses, and rivers in the hilly, and plain region. This species is proved to be new for the 
Romanian fauna, and the sampling-site at Aciuja along the Crijul Alb river is the only one 
for this species. More faunistical data about this species was published by Újvárosi (1995). 
The absence of this species for the Romanian fauna could be explained by the existence of 
some less studied area in our country from trichopterological point. 
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Oecetis testacea Curt. This species was recorded for the first time in Romania by 
Kempny (1905) at MScin, Tulcea district. Ciubuc (1993) expresses some doubt about the 
presence of this species in the Romanian fauna. The relative high number of specimens 
collected by us at Avram Iancu, along the T5ca§ele stream confirm the presence of this 
species in our country's fauna. This species appear in the red list of endangered species in 
some European countries, due to the high sensibility of this species for the abiotic 
conditions. 
Conclusions and proposals 
The systematical study of the collected material (a number of 19 species with 955 
specimens of adult trichoptera) show the existence in the river Cri$ul Alb and tributaries a 
rich fauna of trichoptera. 
The ecological diversity of the collected material is reflected with the presence in the 
research area beside the common, eurybionte species like Psychomyia pusilla Fabr., 
Hydrophsyche bulbifera McL., H. contubernalis McL., H. pellucigula Curt, a number of 
rare species: Oecetis testacea Curt., Setodes punctatus Fabr., Oecismus monedula Hagen 
with high sensibility for the abiothical conditions. 
In the Tácá$ele stream, tributary of the Crijul Alb river develop a relative stabile 
community of trichoptera. The presence of Oecetis testacea Curt. (35m, 6f) known all over 
Europe, with few rcduced populations (a single collected site in Hungary, at 
Magyarszombatfa, described by Nógrádi S. in 1985) express the necessity to propose this 
region a protected area, which could became a refuge for other threatened species too, from 
the polluted or perturbed surrounding area. 
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The fish fauna of the Criç/Kôrôs1 river basin 
Petru M. Bánárescu, Ilie Telcean, Petru Bacalu, 
Ákos Harka & Sándor Wilhelm 
Abstract 
The fish fauna of the Cri§/K6ros rivers comprises 49 native species (and an additional 
subspecies) and 12 exotic ones. Three of the native species are occasional inhabitants and 
six are found exclusively in standing waters. The river Crijul Repede/Sebes-Kor6s is the 
only river in Romania where Leuciscus leuciscus is known to have survived and the Cri$ul 
Alb/Feher-K6r0s one of the two rivers in Romania where Zingel streber has retained its 
former abundance. Human impact has negatively affected mainly the fish fauna of the 
tributary BarcSu/Berettyo. 
Key words: fish fauna; Cri$/Körös river basin; human impact 
Herman ( 1 8 7 7 ) seems to have been the first scientist to contribute to the knowledge 
of the fish fauna of the Cri$/Körös river. He listed six species, without specifying the 
localities. Other data has been added by Vutskits (1918), Pauca and Vasiliu ( 1 9 3 3 ) who 
mention the occurrence of four fish species in the rivulet Petea, a tributary of the river 
Cri§ul Repede/Sebes-Körös. Futó (1942) made a thorough investigation of the fish fauna 
of the rivers Sebes-Körös and Berettyó near their confluence in the vicinity of Szeghalom, 
Hungary. He listed 31 species, most of which are present in both rivers. Muller (1958) 
described the new species Scardiniusracovitzai from the thermal pond "Baile Episcopesti" 
(formerly "Püspök Fürdő",, Baile 1 Mai") in the drainage area of the river Crijul Repede, 
Románia. Several contributions to the distribution of the fish species in the Romanian 
stretches of the four rivers have been published by Bánárescu (1954, 1961 , 1981) and 
Bánárescu et al. (1960), later Harka ( 1996—1997) in the Hungarian stretches, too. 
1 The first name is Romanian, and the second Hungarian. 
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In the 1981 publication, BanSrescu lists 44 species of bony fishes and three additional 
subspecies. In addition to the lamprey Eudontomyzon danfordi as native in the catchment 
area of the Cri$/Kortis rivers, seven new species are introduced. 
The strong modifications of the aquatic habitats in the catchment area of the 
Cri§/K8r8s rivers (dams and lakes, diminution of the amount of water, pollution and 
eutrophication of flowing and standing water bodies, etc.) as well as the introduction of 
exotic fish species has negatively affected the native fish fauna. Thus, it was necessary to 
make new field investigations in order to establish which species became extinct or 
numerically declined in certain river sections and, on the contrary, which species extended 
their range of distribution and became more abundant. 
Materials and methods 
The data included in this study represent in large measure the results of field 
investigations of the co-authors of the paper: Bánárescu collected fish specimens from the 
Romanian sections of the four rivers between 1949 and 1988, Harka from the Hungarian 
stretches between 1986 and 1994 and Wilhelm from the river Barcáu/Berettyó and its 
tributary, the rivulet Ier in the area of Sácuieni Bihor in western Romania. During the 
research expeditions organized by the Liga Pro Európa and Tisza Klub in 1994 and 1995 
on the Cri§/Körös and Barcáu/Berettyó rivers in both Romania and Hungary, fish 
specimens were collected by Bánárescu, Bacalu and Telcean, assisted by a few students and 
László Váradi from the Fish Culture Research Institute in Szarvas, Hungary 
Most fish specimens were collected with various types of nets, while some were 
angled. Electrofishing were used in the Hungarian stretches of the Fekete-Körös and 
Fehér-Körös rivers. All specimens collected have been counted several times. A great 
number have been preserved and have been included in the scientific collections of the 
Institute of Biology in Bucharest, of the "Grigore Antipa" Museum in Bucharest and of the 
Department of Ecology, University of Cluj. 
Information from knowledgeable local people (educated anglers, forest engineers and 
guards, etc) has also been considered. Ichthyological literature gave information about the 
former occurrence and abundance of species. 
Fish have been collected almost exclusively from rivers and brooks; the data on 




The following species of lampreys and fish are currently present or were present 
earlier in the drainage areas of the Cri§/Körös river. 
Fam. Petromyzonidae 
Eudontomyzon danfordi Regan, 191 1 
Cicar; tiszai ingola; Carpathian lamprey. 
A predatory species of lamprey, inhabiting mountain brooks and rivers, confined to 
the drainage area of Tisza river and of a few rivers in the Banat. Recorded earlier from the 
Crijul Repede and its tributaries Valea Dráganului and Valea Iadului (Chappuis, 1939); 
collected in 1995 from the lower reach of Valea Dráganului. Never recorded from the river 
Barcáu where it is currently absent. There are earlier records from the river Crijul Negru at 
Va$cáu and its tributaries Vida and Toplita upstream from Lunca Sprie and from Valea 
Monesei, tributary of the Cri$ul Alb (Bánárescu, 1 9 5 1 , 1964). Found in 1994 in the Cri§ul 
Negru upstream from Poiana and downstream from §tei and in the Crijul Alb upstream 
from the village Cri$. 
Fam. Acipenseridae 
Acipenser ruthenus Linnaeus, 1758 
Cega; kecsege; sterlet; Sterlet. 
Inhabitant of large lowland rivers. 
Ascends from the Tisza into the Körös rivers in Hungary. Collected by Harka between 
1986 and 1994 in the lower reach of the river Sebes-Körös and in Hármas-and 
Kettős-Körös rivers. Not reported from the Berettyó river. Does not ascend in the 
Romanian stretches of the rivers. 
Fam. Anguillidae 
Anguilla anguilla (Linnaeus, 1758) 
Anghila; síkos angolna; European eel; Aal. 
Ascend occasionally from the river Tisza into the lower reach of the Körös in 
Hungary; also once found in Romania (Gyurkó, 1960). 
Fam. Salmonidae 
Salmo trutta fario Linnaeus, 1758 
Pastrav; sebes pisztráng; brown trout; Bachforelle. 
Earlier records from the upper reaches of the Cri$ul Negru, Crijul Alb (upstream from 
Brad), Barcáu (downstream to Subcetate) and from the Cri$ul Repede between the 
confluence with the river Drágán to Ciucea (absent from the uppermost stretch which lacks 
a montane character). Also in the tributaries of the Crijul Repede (Cálata, Drágán, lad), of 
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the Cri§ul Negru (Vida), and Cri§ul Alb (Valea Monesei) (Bánárescu, 1964). Found in 1955 
in the Drágán Creek from the head waters to its confluence and in the dam lake on the same 
river and from the upper reaches of the Barcáu; in 1994 in the Crijul Alb upstream from 
the village Cri$ and in the Cri§ul Negru upstream from Poiana. 
This species is absent from the Hungarian section of the Körös rivers. The population 
from the upper Barcáu consisted, in 1962 and earlier in normal specimens, of specimens 
with red and black spots as well as those having exclusively black spots; specimens of both 
forms were present in about equal proportion. Only specimens of the "normal" form were 
found in 1995; according to information from local forest guards, specimens having only 
black spots still exist, but in small numbers. 
Oncorhynchus mykiss (Walbaum, 1782 = Salmo gaiirdneri Richardson, 1836) 
Pástráv curcubeu; szivárványos pisztráng; rainbow trout; Regenbogen forelle. 
An introduced species of North American origin. Cultivated in salmon fishery farms; 
not present in natural waters. 
Salvelinus fontinalis (Mitchill, 1 8 1 5 ) 
Fántánel, pástráv fántánel; pataki szaibling; brook trout; Baschsaibling. 
Another North American introduced species, cultivated in fishery farms. 
Thymallus thymallus (Linnaeus, 1758) 
Lipan; pénzes pér; grayling; Aesche. 
A typical inhabitant of rather large mountain rivers; not in brooks. Native only in the 
river Cri§ul Repede (reported between Huedin and Ciucea (Bánárescu, 1964) and in greater 
quantities in the tributaries Drágán and lad. Introduced in the Crijul Negru. Not found 
during the 1994/1995 expeditions: according to current information, it survives in the 
Drágán Creek and lad, but in much smaller quantities than before. 
Fam. Umbridae 
Umbra krameri Walbaum, 1782 
Jiganu?; lápi póc; European mudminnow; Hundfisch. 
Inhabits shallow standing waters and lowland muddy rivulets. In the Romanian part 
of the Crij drainage area it is present only in the river Ier (tributary of the Barcáu) and in 
neighboring canals and ponds at Secuieni in the western most area of Romania, some in 
great number (collected by A. Wilhelm). Not reported by Futó (1942) and Harka (1996, 
1997) in the Hungarian section of the Körös rivers and Berettyó. 
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Fam. Esocidae 
Esox lucius Linnaeus, 1758 
§tiuca; csuka; pike; Hecht. 
This species lives mainly in standing waters, but also in lowlands rivers. Reported 
from the rivers Sebes-Körös and Berettyó at Szeghalom, Hungary (Futó, 1942) and from 
the lower reaches of the three Cri§ rivers and the Barcáu in Romania (Bánárescu, 1964). 
Collected by Harka between 1986 and 1990 in the Berettyó, Sebes-Körös and the 
Hármas-Körös rivers in Hungary while Wilhelm found numerous specimens in the rivers 
Ier and neighboring pools and canals near Sácuieni. During the 1994 and 1995 expeditions 
the pike was found in Hungary (Fekete and Fehér-Körös rivers) only, by electrofishing. 
However, we were informed that it is present in the Romanian stretches of the three Cri$ 
rivers and especially in natural ponds. 
Fam. Cyprinidae 
Rutilus rutilus (Linnaeus, 1758) 
Babu§ca; bodorka; roach; Plötze. 
This species is present in lowland rivers as well as standing waters. There are early 
reports from Berettyó river at Szeghalom (Futó, 1942) and from the lower stretches of the 
three Cri§ and Barcáu rivers in Romania (Bánárescu, 1964). Harka found specimens on the 
whole length of all four rivers in Hungary and Wilhelm in the river Jer and neighboring 
rivulets canals and ponds at Sácuieni. During the 1994/1995 expeditions it was collected 
from the Cri§ul Repede from the dam lake Ale§d downstream to its confluence with the 
Barcáu in Hungary, in the Cri$ul Negru at Táma$da and Zerind (lowermost section of the 
river in Romania) and in the Hungarian section of the Fehér and Fekete-Körös, also 
downstream of their confluence (Kettős-Körös). It has not been found in the river Barcáu 
where it formerly lived. 
Scardinius erythrophthalmus erythrophthalmus (Linnaeus, 1758) 
Ro$ioara; vörösszárnyú keszeg; rudd; Rotfeder. 
A species living mainly in stagnant waters, also found in lowland rivers. There are 
earlier reports of it from the rivers Sebes-Körös and Berettyó at Szeghalom, Hungary (Futó, 
1942), as well as from the canal connecting the three Cri$ rivers and from the ponds in the 
drainage area of Barcáu and Ier rivers in Romania (Bánárescu, 1964). Collected by Harka 
during the years 1986 to 1992 from the Hungarian stretches of the rivers Berettyó and 
Sebes-Körös in Hungary and by Wilhelm in the river Ier, many canals and ponds near 
Sácuieni, Romania. Specimens were collected during 1994 in the Hungarian stretches of 
the rivers Fekete-Körös, Fehér-Körös and Kettős-Körös (resulting from the confluence of 
the above named rivers). In Romania it is present mainly in ponds, in the canal connecting 
the three Cri§ rivers and in fishery farms. 
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Scardinius erythrophthalmus racovitzai Muller, 1958 
Endemic to the thermal pond Báile Episcopesti on the rivulet Petea, tributary of the 
Cri§ul Repede. Described initially as species, considered subspecies by Bánárescu (1964). 
Recent unpublished studies on its ecology by N. Cráciun confirms its taxonomic validity, 
either as subspecies or as species. 
Leuciscus cephalus (Linnaeus, 1758) 
Clean; fejes domolykó; chub; Dobel. 
An inhabitant of rivers and brooks, from the feet of mountain to the lowlands. There 
are earlier records from the rivers Sebes-Körös and Berettyó near Szeghalom (Futó, 1942), 
from the middle and lower reach of Barcáu and of the three Cri§ rivers in Romania 
(Bánárescu, 1953, 1964; Bánárescu et all., 1960). Collected by Wilhelm in the river Ierand 
some canals at Sácuieni and by Harka in Berettyó river at Berettyóújfalu (not farther 
downstreams), and in the Hungarian stretches of the three Körös rivers. During the 
1994/1995 expeditions, the species has been collected in the river Barcáu from Tusa (near 
the headwaters) almost to the Hungarian border, in the Cri§ul Repede from the headwaters 
to Cheresig (Hungarian border); in the Cri§ul Negru between §tei and Támadd a (not found 
at Zerind, Hungarian border); in the Cri§ul Alb from the dam lake Miháileni to Chi§ineu 
Cri§ but here in smaller number. The species has also been colected in the Hungarian 
stretches of the rivers Fekete and Fehér-Körös, where only few specimens were present. 
Leuciscus leuciscus (Linnaeus, 1758) 
Clean mic; nyúldomolykó; dace; Hasel. 
A typical inhabitant of rivers in the hilly areas; very rare in the drainage area of the 
middle and lower Danube. Found in 1953 in the river Crijul Repede at Oradea and 
upstreams, later in the Barcáu at Siniob and Rosiori Bihor and in the Cri$ul Negru at Tinea 
(Bánárescu, 1954, 1964). It has been believed to be extinct in Romania; however, three 
specimens have been collected in the Crijul Repede, downstreams from the dam lake 
TTleagd by Bánárescu, Bacalu and Telcean in August, 1994; this is the only locality in 
Romania where the species in known to have survived. It may also survive in the Cri$ul 
Negru but became surely extinct in the river Barcáu. It has also been found in the 
Sebes-Körös at Körösszakái and Fekete-Körös at Sarkad in Hungary. 
Leuciscus idus (Linnaeus, 1758) 
Váduvi(a; jász; orfe; Aland. 
A typical inhabitant of lowland rivers, only rarely found in lakes. Three are earlier 
records in the rivers Sebes-Körös and Berettyó at Szeghalom in Hungary (Futó, 1942) and 
in the lower Cri§ul Negru and the canel connecting the rivers Cri§ in Romania (Bánárescu, 
1964). It has not been found during the 1994/1995 trips in Romania, but a few speciemns 
were collected in the lower reach of the Körös in Hungary. It has also been found in the 
Kettös-Körös river in Hungary by Harka. 
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Leucaspius delineatus (Heckel, 1845) 
Fufa; kurta baing; Moderlieschen. 
A small sized fish, inhabiting mainly standing waters, sometimes also found in 
lowland rivers. Recorded, as Leucaspius abruptus, in the rivers Cri§/Körös by Hermann 
(1887) in the Sebes-Körös at Seghalom by Futó (1942) and in fishponds and the pool Rátu 
at Ineu, drainage area of the Crijul Alb by Bánárescu et al. (I960). Also collected in the 
lower reaches of the rivers Sebes-Körös and Berettyó in Hungary by Harka and in the river 
Ier and adjacent ponds at Sácuieni in Romania by Wilhelm. Not found during the 1994 and 
1995 trips. 
Aspius aspius (Linnaeus, 1758) 
Avat; balin; Rapfen. 
Inhabitant in lowland rivers and lakes. Recorded in the rivers Sebes-Körös and 
Berettyó at Szeghalom (Futó, 1942) and in the Cri$ul Repede at Oradea and downstreams 
(Bánárescu et al., 1960); collected in the Hungarian reach of the river Sebes-Körös by 
Harka. During the 1994 trip the species was collected only in Hungary (rivers 
Fekete-Körös, Fehér-Körös and Kettős-Körös). In 1995 it has been seen in the Crijul 
Repede at Cheresig. 
Chondrostoma nasus (Linnaeus, 1758) 
Scobar, paduc. 
An exclusive inhabitant of rivers, from the feet of the mountains to the lowlands. 
Reported in the rivers Szebes Körös and Berettyó at Szeghalom in Hungary (Futó, 1942); 
in Romania in the three Cri§ rivers; in the Romanian stretch of the river Barcáu it was 
present only in some years. Collected by Harka in the three rivers in Hungary, but not from 
the Berettyó. Collected during the 1994/1995 trips in the river Crijul Repede downstreams 
from Ciucea, in the Crijul Negru from §tei to Borz (but not in the lower stretch) and in the 
Cri§ul Alb from Aciufa to Ineu (not found at Chi?ineu/Cri$); in the Hungarian stretches it 
is rare. 
Alburnus alburnus (Linnaeus, 1758) 
Oble{; küsz; bleak; Ukelei. 
Inhabitant of lowland rivers and of standing waters. Reported by Futó (1942) in the 
rivers Sebes-Körös and Berettyó at Szeghalom and by Bánárescu ( 1953 , 1964) in Crijul 
Repede (downstreams of Vadul Cri§ului), Barcáu (downstreams of Nujfalau), Cri§ul 
Negru (downstreams of Beius) and Cri§ul Alb (downstreams of Dezna) and in ponds and 
fish farms. Found by Wilhelm in the river Ier and adjacent ponds and canals at Sácuieni by 
Harka in the Hungarian stretches of all four rivers. Collected during the 1994/1995 trips in 
the Cri§ul Repede from Bologa, in the Cri§ul Negru from $tei, in the Cri?ul Alb from Brad 
downstreams to their confluences in Hungary and in the Hármas-Körös river in Hungary. 
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Alburnoides bipunctatus (Bloch, 1782) 
Lati(a; sujtásos küsz, Schneider. 
Exclusive inhabitant of running waters: rivers and brooks, from the feet of mountains 
to lowlands, but not very far downwards. There are earlier records only in Romania: river 
Cri§ul Repede from Ciucea, Barcáu from Nu§faláu, Crijul Negru from Va$cáu, Cri§ul Alb 
from Brad downstreams to ot almost to the Hungarian border; also in the river lad, tributary 
of the Cri$ul Repede and in the Vida, tributary of the Cri§ul Negru. During the 1994/1995 
trips it has been found throught its former known range and even beyond it: in Cri§ul 
Repede from Bologa to Fughiu (not present at Cheresig), Cri§ul Negru from $tei to Borz 
(not reaching to Tinea and Táma$da where formerly present), Cri§ul Alb from the village 
Cri§ to Ineu, not to Chi§ineu-Cri$; Barcáu from Nu§faláu to Sántimreu (Hungarian border). 
The species was also found in the rivers Drágán, lad (tributaries of the Cri$ul Repede) and 
Tácá$ele (tributary of the Cri§ul Alb). In some localities is was extremely numerous. 
Remarkable is its survival in the river Barcáu in which the life conditions have strongly 
deteriorated. 
Blicca bjoerkna (Linnaeus, 1758) 
Batca; karika keszeg; white bream; Guster. 
The species is an inhabitant of lowland rivers and of ponds and lakes.Reported in the 
rivers Sebes-Körös and Berettyó at Szeghalom (Futó, 1942) from the lower reaches of the 
rivers Barcáu and Cri?ul Negru in Romania and the canal connecting the three Cri§ rivers 
("canalul colector") (Bánárescu, 1964). It was found in the rivers Ier near Sácuieni by 
Wilhelm and in the Hungarian streatch of the three Körös rivers and in the Berettyó by 
Harka. It has not been collected during the 1994/1995 trips. 
Abramis brama (Linnaeus, 1758) 
Piática; dévér keszeg; bream; Brachsen. 
Inhabitant of large lowland rivers, of lakes and ponds. Reported in the rivers 
Sebes-Körös and Berettyó at Szeghalom (Futó, 1942) in the rivers Crijul Repede at 
Toboliu, Barcáu at Sániob, Cri§ul Negru from Tinea, Crijul Alb from Ineu downstreams 
and from the canal connecting the three Cri$ rivers (Bánárescu, 1964). Collected by Harka 
throught the Hungarian sections of the four rivers by Wilhelm in the river Ier at Sácuieni 
and during the 1994/1995 trips in the Cri§ul Negru at Tama?da and Zerind and in the lower 
Fekete and Fehér-Körös rivers and the Hármas-Körös river in Hungary. 
Abramis sapa (Pallas, 1 8 1 1 ) 
Cosac cárn; bagoly keszeg; white eyed bream; Zobel. 
A species inhabiting mainly large lowland rivers. Reported in the rivers Sebes-Körös 
and Berettyó at Szeghalom (Futó, 1942); collected by Harka in the lower Körös river in 
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Hungary and during the 1955 trip in the Cri$ul Alb at Chi?ineu Cri?, this being the first 
record of the species in the system of the Cri? rivers in Romania. 
Abramis ballerus (Linnaeus, 1758) 
Cosac cu bot ascufit; lapos keszeg; Zope. 
Reported in the rivers Sebes-Körös and Berettyó at Szeghalom (Futó, 1942). Found 
by Harka in the lower reaches of the rivers Sebes-Körös, Berettyó and Fekete-Körös in 
Hungary and the Hármas-Körös and by Bánárescu in the lower Cri§ul Negru at Táma$da 
in Romania, where it is present only in some years, being possibly a temporary visitor. Not 
collected in 1994 and 1995 in either Romania or Hungary. 
Vimba vimba (Linnaeus, 1758) 
Moruna?; éva keszeg; vimba bream; Zahrte. 
This species is recent intruder in the Cri$/Körös riverine system as well as in other 
rivers in the drainage area of the middle and lower Danube; it lived initially only in the 
Danube proper and in the Tisza; it has not been recorded in the tributaries of the Lower 
Danube (Antipa, 1909), in the rivers of Transylvania (Bielz, 1888) even by Futó (1940) 
who collected fishes in the lower Sebes-Körös river during the late 30 ties, early 40 ties. 
Probably the species ascended the rivers from the middle and lower Danube drainage area 
during or shortly after the Second World War. It has been reported in the Cri§/Körös river 
system first by Bánárescu (1953 c) who found the species in the Cri§ul Alb at Gurahont 
(1951 June), in the Cri§ul Negru at Tinea (1951 August) and the Crijul Repede at Oradea 
(1953 October). During the 1993/1994 trips the species was found in the Cri$ul Repede 
from Ciucea to Cheresig, in the Crijul Negru from §tei to Tinea and the Cri§ul Alb from 
Brad to Ineu; in the latter two rivers the vimba bream was not found near the Hungarian 
border; it has not been found in Barcáu river. In the Hungarian area of the Körös river basin 
it has been found by Harka only in Fekete-Körös river at Sarkad. All these data suggest that 
the species in confined to the middle reach of rivers. It has not been found in the Barcáu 
river. 
Pelecus cultratus (Linnaeus, 1758) 
Sabifa; garda; sabre carp; Sichling, Ziege 
Reported in the Sebes-Körös and Berettyó rivers at Szeghalom (Futó, 1942); isolated 
specimens collected from the lower stretch of the Hármas-Körös rivers by Harka. These are 
only occasional visitors from the Tisza, not autochtonous. 
Phoxinus phoxinus (Linnaeus, 1758) 
Boi$tean, craiet; ftirge cselle; minnow; Elritze. 
Recorded from the upper and partially middle reaches of the four rivers in Romania 
(Bánárescu, 1964); absent in Hungary. Collected during the 1994/1995 trips in the Cri§ul 
Repede from the headwaters to Stána de Vale and in the tributaries Valea Dráganului (here 
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abundant both in the river and in the recently built dam lake), and Valea ladului; in the 
Cri§ul Negru at §tei (absent in the headwaters proper and downstream of Borz) in the Crijul 
Alb from the headwaters to downstream of Brad; it seems to have become extinct in Barcáu 
river, where it has formerly been collected from the headwater to Nu§falau. 
Rhodeus sericeus amarus (Bloch, 1782) 
Boar|a; szivárványos ökle; bitteriing; Bitteriing. 
Reported from the lower reaches of Crijul Repede and Barcáu rivers, from the middle 
and lower ones of Cri§ul Negru and Cri§ul Alb and from the brook Risculi(a, tributary of 
the Cri§ul Alb; also from the channel connecting the Cri§ rivers ("Canalul colector") and 
from the fisheries farm of Cefa and Ineu (Bánárescu, 1964); apparently absent from 
Szeghalon area in the Sebes-Körös drainage area in Hungary (Futó, 1942). Collected 
during the 1994/1995 trips in the Cri§ul Repede river from Ciucea to Cheserig, in Cri§ul 
Negru from Borz (here being abundant) to Zerind and in Cri§ul Alb from Aciuja to lneu 
(being probably present also at Chijineu Cri§); not found in Barcáu river: however the 
species is abundant in ler river (tributary of the Barcáu) and adjacent waters near Sácuieni 
Bihor (A. Wilhelm, field remarks). Collected, in great quantities throughout the Hungarian 
stretches of the three Körös and of Berettyó rivers by A. Harka. 
Gobio gobio (Linnaeus, 1758) 
Porcukor, porcukor comun; fenékjáró küllő; gudgeon, common gudgeon; 
Grundling, gemeiner Grundling. 
An ubiquitous fish species, present in most categories of rivers and brooks from 
montane areas to lowlands; it is more frequent in the upper and middle reaches, but in 
sections with slowly flowing water; it becomes rare in the lower reaches of large rivers. 
Reported in the Crij/Körös drainage area by Hermann (1887) and Vutskits (1918), in the 
rivers Sebes-Körös and Berettyó by Futó (1942) who probably misidentified under this 
name also G. albipinnatus. Reported in Romania by Bánárescu (1964) in the rivers Barcáu 
(between Nujfaláu and Ro$iori Bihor), Cri§ul Repede (from Ciucea downstreams), Cri§ul 
Negru (from Va§cau downstreams), Cri$ul Alb (from Va|a de Sus downstreams) and 
tributaries Risculifa and Moneasa. 
During the 1994/1995 trips it has been found in the Cri?ul Repede from the head 
waters to the Hungarian border, in the Barcáu only at Nu$faláu, in the Cri$ul Negru only at 
$tei and Borz and not in the lower reach, in the Crijul Alb from the Miháileni dam lake to 
Ineu (being more abundant downstream of Brad) and not at the Hungarian border. As in 
most other rivers of Romania, the species is more abundant in the middle than in the upper 
and especially in the lower reach. The species is present, but not numerous in ler river and 
tributaries at Sácuieni Bihor (A. Wilhelm, field observations). A. Harka collected 
specimens in Sebes-Körös river at Körösszakái, a single one in Berettyó river at Szeghalom 
and a few ones in the Hármas-Körös rivers. 
310 
Gobio uranoscopus frici Vladykov, 1925 
Porcu§or de vad; felpillantó küllő; stone gudgeon; Steingressling. 
A rheofilic species, typical inhabitant of the stretches with rapidly flowing water of 
rivers, without hower ascending far upstreams. Reported in the Cri$/Körös drainage area 
first by Bánárescu (1953 b) who mentions later (1964) its occurence in the Crijul Repede 
between Bratca and a short distance upstream of Oradea and in the Cri§ul Negru from 
Va$cáu to Batar. Found during the 1994/1995 trips in the former river at Stána de Vale and 
Vadul Cri$ului, in the latter river downstreams of $tei and at Borz. Not yet found in the 
Cri$ul Alb; it probably never lived in the Barcáu and is absent from the Hungarian section 
of the rivers. 
Gobio albipinnatus vladykovi Fang, 1943 
Porcujor de §es; halványfoltú küllő: whitefin gudgeon; Weissflossen Grundling. 
A typical inhabitant of lowland rivers. Recorded in the Cri$/Körös drainage area first 
by Bánárescu (1952); in the Cri$ul Repede at Toboliu, in the Barcáu from Nu$faláu to 
Rosiori Bihor, in the Cri$ul Negru between Tinea and Táma$da, in the Cri$ul Alb at 
Chisinau Cri§ (Bánárescu, 1964). Present, in small number, in the river ler at Sácuieni 
(Wilhelm, field notes). A high number of speciemns have been collected by Harka in the 
Hungarian section of the four rivers and the Hármas-Körös rivers. During the 1994/1995 
trips is has been found in the river Barcáu only at Sántimreu, in the Cri$ul Repede at Fughiu 
and Cheresig, in the Cri$ul Negru/Fekete-Körös from Borz to Zerind in Romania and in the 
Hungarian section, in the Cri$ul Alb/Fehér-Körös from Aciuja in Romania to the 
confluence with the Fekete-Körös in Hungary. 
Gobio kessleri Dybowski, 1862 
Porcujor de nisip; homoki küllő, Sand gudgeon; Sangressling. 
The most character species to the rivers or sections of rivers with sandy or partially 
gravelly bottom and rapidly flowing waters in lowlands and hilly areas. Recorded in the 
drainage area of the Cri§/Körös river first by Bánárescu (1953 a). It was present in all four 
rivers of this drainage area: in the Barcáu from Nujfaláu, in the Cri$ul Repede from Oradea, 
in the Cri§ul Negru from Beiu$, in the Cri$ul Alb from Ineu downstreams to the Hungarian 
border. In many localities the species was represented by large populations. It is more rare 
in Hungary: Harka found only two speciemens in the Fekete-Körös at Sarkad and none in 
the three other rivers. The populations from the Barcáu has presentlly disppeared. During 
the 1994/1995 trip the species was found in the Cri§ul Repede from Ale§d to Cheresig, in 
the Cri$ul Negru from Borz to Zerind, in the Crijul Alb from Aciuja to Chi$ineu-Cri$. No 
specimens have been collected in the Hungarian stretches of the rivers. 
The species is subject to a marked geographical variation: the specimens in the river 
Barcáu (which are not extinct) were almost identical to those in the tributaries of the rivers 
Mure? and Olt and to those from the section of Some? river in Transylvania proper, while 
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those in the rivers Cri$ul Negru and Cri$ul Alb bear some similarity to the subspecies in 
Timi? river in the Banat. 
Pseudorasbora parva (Temminck et Schlegel, 1846) 
Murgoi bal {at; gyöngyös razbóra; Pseudokeilfleckbarbe. 
A small sized fish of East Asian origin, introduced in Europe with fry of valuable 
Chinese carps. The species has been introduced, as very young specimens in the fishery 
farm at Cefa, in the drainage area of the river Cri$/Körös in 1962. A few years later it was 
present in natural waters rivers and ponds as well. It is now widely distributed throught the 
drainage area of the Cri j/Körös rivers in Romania and Hungary, except the headwaters in 
mountains. Most specimens live in ponds, canals etc., mainly in the vecinity of fishery 
farms; only few have been found in rivers: in the Cri§ul Negru at Táma$da in 1987. 
Wilhelm found specimens in the river ler and several pools at Sácuieni (after 1970) and in 
the pond and farm at Olosig and Harka collected few specimens in the Hungarian stretches 
of the rivers Berettyó, Fehér-Körös and Fekete-Körös and a higher number in the 
Sebes-Körös and its backwaters. During the 1994/1995 trips specimens have been found 
only in the river Crijul Repede downstreams the dam lake of Tileagd and at Cheresig 
(Hungarian border), in the Cri$ul Negru at Tinea and Táma$da and in the Cri§ul Alb at 
Alma? and Ineu. 
Barbus barbus (Linnaeus, 1758) 
Mreana: rózsás márna; Barbel; Barbe. 
A typical inhabitant of lowland rivers, never found in standing waters and ascending 
to the mountain zone only during the spawning migration. Earlier records by Vutskits 
(1913) and Futó (1942) in Hungary, by Bánárescu (1964) in Romania (the three Cri§ rivers 
and the Barcáu). Found during the 1994/1995 trips in the Cri§ul Repede/Sebes-Körös from 
the dam lake Tileagd to the confluence with the Kettős-Körös river in Hungary, in the 
Crijul Negru/Fekete-Körös from Borz to Hungary, in the Crijul Alb/Fehér-Körös from 
downstream of Brad to the confluence with the Fekete-Körös in Hungary. 
Barbus peloponnesius petenyi Heckel, 1847 
Moioaga, mreana vánatá; Petényi márna; Balkan barbel; Semling. 
Inhabitant in mountainous rivers. Earlier records the three Cri? rivers in Romania and 
their tributaries Vida (of the Cri§ul Negru) and Moneasa (of the Cri§ul Alb). Found during 
the 1994/1995 trips in the Crijul Repede from Bologa to downstreams of Alejd and in the 
tributary Drágán; in the Crijul Negru downstreams of §tei and at Borz; in the Crijul Alb 
from upstreams the village Cri§ to Aciufa and in the tributary Tácá§ele. The species seems 
never to have lived in the river Barcáu. 
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Cyprinus carpio (Linnaeus, 1758) 
Crap; ponty; carp; Karpfen. 
The carp lives mainly in standing water (lakes, ponds) being also present in the 
sections with slowly flowing water of lowland rivers. It is also intensively raised in the 
numerous fishery farms in the Cri$/Körös basin, in Romania and Hungary as well. The 
specimens in fishery farms belong almost exclusively to culture forms these escape 
sometimes in natural waters, where they can hybridize with the wild form. There are earlier 
records of the occurence of the carp in the Crij/Körös drainage area (Vutskits, 1918; Futó, 
1942; Bánárescu, 1964); these refer mainly to ponds and shallow lakes, but the latter 
authors mentions the occurence of the carp also in the lower reaches of the three Cri§ rivers 
in Romania, in the cannal connecting them and in the tributaries Petea and Holod. Harka 
found a few specimens in the Hungarian sections of the Sebes-Körös, Berettyó and in the 
Hármas-Körös rivers. Wilhelm found only specimens of the culture form in the river Ier. 
The species was found during the 1994/1995 trip only in the Hungarian section of the rivers 
Fekete and Fehér-Körös. 
Carassius carassius (Linnaeus, 1758) 
Caracuda; kárász; crucian carp; Karausche. 
The species lives exclusively in standing waters, including small pools. It was until 
recently distributed and abundant in all lakes, ponds etc. even in fisheries farms throught 
the Cri$/Körös basin; the earlier records (Vutskits, 1913; Futó, 1942; Bánárescu, 1964) 
actually refer to standing waters, inclusively oxbows and backwaters of rivers. The species 
became during the last two or three decades almost totally extinct from the Cri$/Körös 
drainage area (and from the entire basin of the middle and lower Danube). Harka found 
only single specimens in a few sites in the lower Hungarian reach of the Hármas-Körös and 
Wilhelm in a pond at Cherechiu, near Sácuieni, Romania. No specimen has been collected 
during the 1994/1995 trips. 
Carassius auratus gibelio (Bloch, 1783) 
Caras, caras argintiu; ezüst kárász; goldfish; Giebel. 
A recent intruder in the fish fauna of the Crij/Körös river, introduced after 1950. It is 
now widely distributed in all ponds, lakes, fishery farms etc. in the Cri§/Körös drainage 
area. Found by Harka throught the Hungarian sections of the three rivers and in the 
Hármas-Körös rivers; by Wilhelm in the river Ier and neighbouring ponds and during the 
1994/1995 trips in the Cri§ul Repede at Tileagd and Fughiu, in the Crijul Negru at Táma?da 
and in the Hungarian sections of the Fekete- and Fehér-Körös. 
Tinea tinea (Linnaeus, 1758) 
Lin; compó; tench; Schleie. 
The species inhabits only standing waters, including backwaters of rivers and oxbows. 
The earlier records (Vutskits, 1918; Futó, 1942) evidently refer to such habitats; Bánárescu 
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(1964) records the species only in ponds and the canal connecting the three Cri§ rivers: 
Harka found the species only in the basin of the Sebes-Körös in Hungary, Wilhelm in ponds 
near Sácuieni. No specimen has been found during the 1994/1995 trips. 
Ctenopharyngodon idella (Valenciennes, 1844) 
Hypophthalmichthys molitrix Valenciennes 1844) 
Hypophthalmichthys (Aristichthys) nobilis (Richardson, 1845) 
These three species are cultivated in fishery farm, being also occasionally met with in 
natural waters, mainly in the Hungarian sections of the three Körös rivers. 
Fam. Cobitidae 
Orthrias barbatulus (Linnaeus, 1758) (=Neomacheilus barbatulus) 
Molan, grindel; kövi csík; Stone loach; Schmerle, Bachschmerle. 
A species confined to rivers and brooks in montane and partially in hilly areas; present 
only in Romania. Earlier records from the rivers Barcáu downstreams to Sániob, Cri§ul 
Repede downstreams to Toboliu and the tributary lad, Cri§ul Negru between Vascau and 
Beius and the tributary Vida Crijul Alb at Vafa de Sus and the tributaries Risculija and 
Moneasa (Bánárescu, 1964). Collected during the 1994/1995 trips in the Cri§ul Repede 
from the headwaters to Ale?d and in the tributary lad from Remeti to its confluence; in the 
Cri§ul Negru between Stei and Borz, in the Crijul Alb from the village Cri§ to Alma? and 
in the tributary Tácá§ele. Not found in the river Barcáu in which it may have become 
extinct. 
Misgurnus fossilis (Linnaeus, 1758) 
Tipar; réti csík; Schlammbeisser. 
A tipical inhabitant of standing waters, also present in the lower reaches of muddy 
lowland rivers. It has been recorded in the river Berettyó at Szeghalom, Hungary (Futó, 
1942), in the rivers Petea near Oradea, the canal connecting the three Cri§ rivers and in 
pools in Romania (Bánárescu, 1964); no specimens from these localities are preserved in 
colections. It was collected recently by Harka in the river Berettyó at Szeghalom, the lower 
Sebes-Körös and the Hármas-Körös rivers in Hungary and by Wilhelm in the river Ier and 
in ponds near Sácuieni, Romania. It has not been found during the 1994/1995 trips. 
Cobitis taenia danubialis Bacescu, 1993 
Zvárluga; vágó csík; spined loach, spiny loach; Steinbeisser. 
The spiny loach from the drainage area of the middle and lower Danube, considered 
until recently as identical to the western European C. taenia taenia, has been ascribed by 
Nalbant (1993) to a new subspecies, C. taenia danubialis Bácescu (new name for C. taenia 
var. "elongatoides" Bácescu, 1962, which is nomenclatorially invalid. It differs from C. 
taenia taenia mainly in colour pattern. Its range is restricted to the rivers and standing 
waters of the lower and middle Danube, except the Danube Delta where it is replaced by 
314 
another species. It inhabits lowland rivers and standing waters and has earlier been recorded 
in the rivers Sebes-Körös and Berettyó at Szeghalom (Futó, 1842) and in the lower reaches 
of the four rivers, Barcáu, Cri?ul Repede, Cri?ul Negru, Cri?ul Alb, the canal connecting 
these rivers,the tributaries Petea, Holod. Risculi{a and the ponds in the valley of the same 
rivers. Wilhelm found it in the river Ier and neárby ponds at Sácuieni (but in smaller 
number than many year ago). Harka throught the Hungarian stretches of the four rivers and 
in the Hármas-Körös rivers and Berettyó. During the 1994/1995 trips it has been collected 
in the Cri?ul Repede from Vadul Cri?ului to downstreams of Ale?d, in the Cri?ul Negru 
between Tinea and Zerind, in the Cri?ul Alb at Chi?ineu-Cri?. 
Sabanejewia aurata balcanica (Karaman, 1922) 
Cára; balkáni törpe esik; Balkan spined loach; Balkan Speitzger. 
A exclusive inhabitant of running water, distributed from the feet of mountains far 
downstreams in lowlands (to the mouth of the Danube). It was recorded in the Cri? /Körös 
drainage area first by Bánárescu (1954) who found it later in the river Barcáu from 
Nujfaláu, in the Cri?ul Repede from Ciucea (and in the tributaries Valea Iadului and Petea, 
in the Cri?ul Negru from §u?tiu (and in the tributary Vida at Lunca), in the Cri?ul Alb from 
Va(a de Sus downstreams to the Hungarian border. It was found in Hungary by Harka only 
in the rivers Sebes-Körös in 1986 and in the Fekete-Körös at Sarkad in 1994. Collected 
during the 1994/1995 trips in the Cri?ul Repede between Bologa and Ale?d (being very 
abundant downstreams of Ciucea) and at Cheresig, in the Cri?ul Negru from §tei to Zerind, 
in the Cri?ul Alb from Miháileni to Chi?ineu-Cri?. 
This species is subject to a strong geographical variation in the rivers flowing from 
Romania to Hungary and Serbia; the populations from the upper and middle reaches are 
typical S. a. balcanica, while a gradual transition (intergradation) between this subspecies 
and S. a. bulgarica (that inhabits the rivers Tisza and Danube takes place in the lower 
sections). This transition is complete in the rivers Some? and Timi? (the specimens present 
at the Romanian/Hungarian and Romanian/Serbian borders are closer to S. a. bulgarica). 
Only a slight indication of a similar transition has been noted in the lower part of the 
Romanian reaches of the three Cri? rivers; the transition was more evident in the river 
Barcáu, the population from Ro?iori Bihor consisted of typical intermediary individuals, 
but no specimens have been found in the Hungarian stretch of the river. The Ro?iori Bihor 
populations became in the meantime extinct. 
Fam. Siluridae 
Silurus glanis Linnaeus, 1758 
Somn; harcsa; wels; Waler, Wels. 
A species mainly living in large lowland rivers. Recorded in the rivers Sebes-Körös, 
Berettyó and Holt-Körös at Szeghalom in Hungary (Futó, 1942), in the lower reaches of 
the rivers Cri?ul Repede, Barcáu, Cri?ul Negru and in the canal connecting the three Cri? 
rivers in Romania (Bánárescu, 1964). Found by Harka throught in Hungarian stretches of 
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the three Körös rivers and in the Hármas-Körös. Found earlier in the river Ier near Sácuieni 
Bihor by Wilhelm, now extinct. Not found during the 1994/1995 trips, but according to 
local, anglers present in the three Cri§/Körös rivers. 
Fam. Ictaluridae 
Ictalurus nebulosus (Le Sueur, 1819) 
Somn pitic, somn american; törpe harcsa; brown bullhead; Zwergwels. 
An introduced North American species, living mainly in standing water. Recorded at 
Szeghalom, Hungary (Futó, 1942), in the lower reaches of the three Cri$ rivers, in the 
Barcáu, the canal connecting the Cri§ rivers and in the ponds and fishery farms throught the 
Cri§ drainage area (Bánárescu, 1964). Found in great number in the river Ier and in ponds 
at Sácuieni in Romania by Wilhelm and in the Hármas-Körös rivers in Hungary by Harka. 
Not collected in 1994/1995. 
Ictalurus melas (Rafinesque, 1820) 
The black bullhead, I. melas, is another North American species introduced in Europe, 
that has not yet been recorded from the Cri§/Körös drainage area and in general in Hungary. 
One specimen collected in the Hármas-Körös River at Kunszentmárton in 1992 and a few 
ones collected in the same river at Gyomaendröd in 1994 have been identified by Harka as 
I. melas. I. nebulosus was found in the same river, but in other localities. 
Fam. Poeciliidae 
Poecilia reticulata Peters, (=Lebistes reticulatus) 
Gambusia affinis (Baird and Girard, 1853) 
These two exotic species have been introduced by hobbyists in the thermal pond 
"Baile Episcopesti" on Petea near Oradea, Romania. 
Fam. Gadidae 
Lota lota (Linnaeus, 1758) 
Mihalt; menyhal; burbot; Quappe. 
A cold adapted inhabitant of large rivers in hilly areas and lowlands. There are earlier 
recordings of its occurence in the river Sebes-Körös and Berettyó at Szeghalom, Hungary 
(Futó, 1942) and in the former river between Huedin and Oradea, Romania (Bánárescu, 
1964, after informations; no specimen seen). It has been collected by Harka in the 
Hármas-Körös rivers, but not during the 1994/1995 trips. 
Cottus gobio Linnaeus, 1758 
Zglavoc; botos kölönte; bullhead; Groppe, Koppe. 
A typical inhabiting of the montane stretches of rivers and brooks; it is therefore absent 
from the Hungarian section of the Cri§/Körös area. It has been reported in the rivers Barcáu 
(upstreams of Subcetate), Cri?ul Repede (between Huedin and Vadul Cri§ului) and its 
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tributaries Drágán and lad (from the headwaters to the confluence), Crijul Negru upstreams 
of Vascau and its tributary Vida upstreams of Dobresti, Cri§ul Alb and its tributary 
Moneasa. It has been collected during the 1994/1995 only in the river Cri§ul Negru 
upstreams of the village Poiana, in great number. In survies surely also in the Cri§ul 
Repede, but it may have become extinct in the tributaries Drágán and lad. 
Perca fluviatilis Linnaeus, 1758 
Biban; sügér; perch; Barsch. 
A fish species living mainly in standing waters, often also, in lowland rivers. It has 
been reported in the rivers Sebes-Körös, Berettyó and Holt-Körös at Szeghalom, Hungary 
(Futó, 1942) in the lower stretches of the three Körös rivers, the canal connecting them, the 
Barcáu in Romania and in the ponds and fish farms in their drainage area in Romania 
(Bánárescu, 1954, 1964), being later found by Wilhelm in the river Ier and in canals near 
Sácuieni, Romania, by Harka in the lower Sebes-Körös and in the Hármas-Körös rivers in 
Hungary. During the 1994/1995 it has been collected in the Berettyó in the rivers Cri§ul 
Repede from Ale§d downstreams, in the Cri$ul Negru at Táma$da and Zerind and in the 
Kettős-Körös. 
Gymnocephalus cernuus (Linnaeus, 1758) 
GhiborJ; durbincs; ruff; Kaulbarsch. 
Another fish species from standing waters and slowly flowing lowland rivers. It has 
been recorded in the rivers Sebes-Körös, Berettyó and Holt Körös at Szeghalom by Futó, 
who probably confounded under the same name also G. baloni and in the lower part of the 
Romanian stretches of the Barcáu, Cri$ul Repede and Cri$ul Negru by Bánárescu (1964). 
It was later found by Wilhelm in the river Ier and in canals near Sácuieni and by Harka in 
the Hungarian stretch of the Sebes-Körös and in the Hármas-Körös rivers. It has not been 
collected during the 1994/1995 trips. 
Gymnocephalus baloni Holcik and Hensel, 1974 
Ghiborl de ráu; Balon durbincs; Balon's ruff; Balon's Kaulbarsch. 
A rather recently described species, formerly confounded with G. cernuus, to which it 
is, morphologically very similar. It differs however ecologically from its close relative, 
being exclusively a riverine species; its habitat (slowly to moderately flowing rivers) is the 
same as that of Gobio albipinnatus, Gymnocephalus schraetser and Zingel zingel. It has 
been recorded in the Crij/Körös system (and in Romania) for the first time by Bánárescu 
(1981) who identified the species in the river Cri$ul Negru at Táma$da: Harka found it in 
the same river (Fekete-Körös) at Sarkad, Hungary and in the lower Sebes-Körös at 
Körösladány. During the 1994/1995 trips its has been collected in the Cri$ul Negru at 
Táma§da (but not downstreams, at Zerind) in Romania and in the river Kettős-Körös in 
Hungary. 
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Gymnocephalus schraetser (Linnaeus, 1758) 
Raspar; selymes durbincs; yellow pope; Schrátzer. 
This species is another typical inhabiting of lowland rivers, recorded earlier in the 
rivers Sebes-Körös and Berettyó at Szeghalom Hungary (Futó, 1942), Cri§ul Negru 
downstreams from Oradea, Barcáu between Sániob and Nu§faláu, Cri$ul Negru at 
Táma$da, Cri$ul Alb between Ineu and Chisineu Cri$ and the canal connecting the Cri$ 
rivers in Romania (Bánárescu, 1954, 1964). It was found by Harka in the Hármas-Körös 
rivers in Hungary. Few specimens were collected in 1994/1995 in the river Cri$ul Repede 
at Cheresig and Cri$ul Alb at Chijineu-Crij, numerous ones in the Cri$ul Negru at Táma$da 
and Zerind, few in the Kettős-Körös river in Hungary. The species probably became extinct 
from the Barcáu/Berettyó river, at least in Romania. 
Stizostedion lucioperca (Linnaeus, 1758) 
Salau; fogas süllő; pikeperch; Zander, Schill. 
An inhabitant of large lowland rivers and lakes and pond without much vegetation. 
The species has been recorded earlier in the rivers Sebes-Körös, Berettyó and Holt Körös, 
at Szeghalom, Hungary (Futó, 1942), in the Cri$ul Repede near the Hungarian border and 
in the Cri$ul Negru from Tinea downstream (Bánárescu, 1964). It was found by Harka in 
the Hungarian stretches of the rivers Sebes-Körös, Fekete-Körös and the Hármas-Körös 
rivers in Hungary, a single specimen in the Berettyó at Szeghalom. In 1994 is has been 
collected in Romania only in the Cri$ul Alb at Chi$ineu-Cri$ but in great quantities in 
Hungary: rivers Fekete-Körös, Feher Körös, Hármas-Körös rivers. 
Stizosteidon volgense (Gmelin, 1788) 
Salau vargat; kősüllő; Volga pikeperch; Wolga Zandrr. 
A species living only in large lowland rivers and in the shallow lakes of floodplains. 
There are no earlier records of this species within the drainage area of the Cri$/Körös rivers. 
A few specimens have been collected by Harka in the rivers Sebes-Körös, Kettős-Körös 
and the Hármas-Körös rivers in Hungary. Not collected in 1994/1995. In Romania the 
species has been recorded only in the Danube and the large shallow lakes of the flood plains 
(now dryed up), never in tributaries. 
Zingel streber (Siebold, 1863) 
Fusar; kis bucó, német bucó; Streber. 
A strictly rheophilic fish species, confined to rapidely flowing stretches of the rivers, 
from the hilly areas to the lowland. There are earlier recording in the Sebes-Körös and 
Berettyó rivers (Herman, 1887, without mention of localities. Futó, 1942 at Szeghalom), 
the Cri$ul Repede at between Vadul Cri$ului and Oradea, the Cri$ul Negru between Beiu? 
and Táma$da (Bánárescu, 1964), a single specimen has been collected in the river Barcáu 
at Ro$iori Bihor. Harka found a single specimen in Hungary in the Sebes-Körös. In the 
1994 trip ten specimens have been collected in the Crijul Alb at Aciuja, Almas, Ineu and 
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nine in the Cri§ul Negru at Tinea and Táma$da, none in the Cri$ul Repede. The species has 
underwent a drastic decline in Romania (probably in Hungary and Slovakia, too) being in 
many rivers rarer than formerly, e.g. in the Murej and especially in the Timi?. The Cri$ul 
Negru and Cri$ul Alb are, besides the Nera in southern Banat, the rivers in wich this species 
seems to have retained its former abundance. 
Zingel zingel (Linnaeus, 1758) 
Pietrar, fusar mare; magyar bucó, nagy bucó; Zingel. 
A typical inhabitant of large lowland rivers, not extending as far upstreams as the 
preceding species. There are earlier records in Körös river without mention of localities 
(Herman, 1887, Vutskits, 1913), in the Sebes-Körös and Berettyó at Szeghalom, Hungary 
(Futó, 1942), in the Cri$ul Repede at Toboliu (Miiller, in Bánárescu, 1964; there are no 
specimens from this locality in collections) and in the Cri§ul Negru at Táma$da (Bánárescu, 
1954, 1964). The species has been seen in the latter locality for the first time in 1949; 
between 1962 and 198 it has been repeatedely collected there. In no other locality in 
Romania was it as abundant as at Táma$da. During the period 1986/1990 it has been 
collected by Harka in the Hungarian stretches of the rivers Sebes-Körös, Kettős-Körös and 
Hármas-Körös rivers. In was collected in 1994 in the Cri$ul Negru at Tinea, but not in the 
lower reach of the river (Táma$da and Zerind), where formerly abundant. 
Fam. Centrarchidae 
Lepomis gibbosus (Linnaeus, 1758) 
Biban soare; naphal; pumpkinseed sunfish; Sonnenbarsch. 
An introduced North American species, living mainly in standing waters, more rarely 
in lowland rivers. Recorded in the lower reaches of the river Cri$ul Repede and Cri$ul 
Negru and in the canal connecting the Cri§ rivers in Romania (Bánárescu, 1964). Collected 
by Harka in the three Körös rivers, in the Berettyó and in the Hármas-Körös river throught 
their entire stretches in Hungary. During the 1994 trip it has been found in only in Hungary 
(rivers Fekete-Körös, Fehér-Körös, Kettős-Körös); a few specimens were collected in 1995 
in the Cri$ul repede downstreams of the dam lake Tileagd. The species is rather abundant 
in the ponds throught the drainage area of the Cri$/Körös river. 
Fam. Gobiidae 
Proterorhinus marmoratus (Pallas, 1811) 
A species of marine Ponto-Caspian origin, compring many strictly freshwater 
populations inhabiting mainly standing waters and slowly running rivers. It was not 
reported earlier in the Crij/Körös area. Harka found specimens in two localities on the 
Hármas-Körös rivers and one locality on the Kettős-Körös river in Hungary, this being the 
first record of the species in the drainage area of the Körös/Cri$ river (Harka, 1990). 
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Ecological zonation of the fish fauna 
Five successive "fishery zones" are presently recognized in the large rivers of 
Romania (BanSrescu, 1964): 
(I) The trout zone (Salmo trutta fario); (2) The zone of the grayling (T. thymallus) and 
of the Balkan barbel (Barbus peloponnesius); (3) The zone of the Chondrostoma nasus; (4) 
The zone of the common barbel (B. barbus); (5) The zone of the carp (Cyprinus carpio). In 
small rivers, the characteristic species of the zones (3) and (4) are absent; the middle or also 
the upper reaches are desingned as a "chub (Leuciscus cephalus) zone. 
The trout zone has a wide extension in the head waters and upper reaches of the rivers 
Cri§ul Negru and Cri§ul Alb and also encompasses most of the large tributaries of the Cri§ul 
Repede: Secuieul, DrSgan and lad. This zone is much shorter in the river BarcSu, where the 
trout and the sculpin are present. There is however no trout zone in the Cri$ul Repede, the 
upper reach of which (upstreams of the confluence with the tributary Secuieul) has no 
mountain character, the trout, the sculpin and the Carpathian lamprey are absent and the 
most abundant fish species are ubiquitous one: chub, common gudgeon. 
The grayling, Balkan barbel zone encompasses the Crijul Repede between the 
confluence with the tributary Secuieul and Ciucea and the lower sections of the tributaries 
DrSgan and lad. The grayling is not native in the Cri$ul Negru and Cri§ul Alb, the Balkan 
barbel is the dominant species in the former river from Va§c3u to downstream of GurahonJ. 
There are no clear limits between the Chondrostoma and the common barbel zones, the 
latter being well delimited from the carp zone in the lower part of the Romanian section of 
the three Cri§ rivers; downstream of this limit Alburnoides bipunctatus, Barbus 
peloponnesius, Orthrias barbatulus are no more present, Gobio kessleri, Chondrostoma 
nasus, Barbus barbus, even Leuciscus cephalus become rare, Rutilus rutilus, Abramis 
brama, Aspius aspius, Gymnocephalus schraetzer, Gobio albipinnatus become abundant. 
None of the species characteristic the Balkan barbel, Chondrostoma and commen 
barbel zones are present in the BarcSu, the section of this river, downstream the trout zone, 
belongs to the chub zone. 
Conclusions 
T h e a n t h r o p i c i m p a c t on the aquat ic fauna 
As almost everywhere in Western Romania-Eastern Hungary-North and Western 
Serbia, levees have been built during the XVIII th and XIX th centuries, along both sides 
of the four main rivers of the Cri$/Kfiros system, in order to protect the fields against flood. 
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While in other areas, e.g. the valley of the river Timi$ in the Banat, the levees are distant, 
allowing the river to maintain its original course, to meander, favoring an alternation of 
microhabitats, with various depths and water velocities and the existence of small flood 
plain, the levees along the Cri$/K6ros rivers are close to each other many former meanders 
have been cut, the rivers became shorter, almost straight on long stretches, their depth and 
water velocity are rather uniforms, the average velocity is higher than formerly. These 
modifications have favored some large-sized species, but species adapted to shallow water 
underwent a numerical decline, the diversity of microhabitats decreased. 
A large dam lake has been built on the upper reach of the river DrSgan: the trout and 
the minnow (Phoxinus phoxinus) became quite abundant in the lake, but it seems that the 
grayling, the sculpin and the Carpathian lamprey underwent a numerical decline, in spite 
of the fact that the amount water in the lower section of the river has not diminished, at now. 
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A dam lake has also been built on the river lad and much of the water from the river DrSgan 
has been carried into the lad, the local life conditions having been modified but their 
influence on the fish fauna has not been determined. Several dam lake have been built on 
the Cri§ul Repede determining local transformations of the lotic habitats into lentic ones, 
without however having drastically modified the fish fauna downstream. It is worth 
mentioning that the only place in which Leuciscus leuciscus was found lies just 
downstream of the dam lake Alejd. The numerical decline of Chondrostoma nasus may be 
correlated with the damming if the river, which prevented the migrations of this species. 
No dam lake has been built on the Crijul Negru. The dam lake Mihaileni on the Cri?ul 
Alb is too young for making possible to estimate its influence. 
There are several sources of water pollution in the Cri? rivers basin, namely urban and 
industrial waste water of the town Oradea (river Cri$ul Repede) waste water from a pig 
farm at Cheresig (lower reach of the same river), small quantities of wastes of urban and 
mining industries from the towns §tei (river Cri§ul Negru) and Brad (river Cri§ul Alb). All 
these waste water affect only short stretches of the three rivers. The life condition have been 
more drastically deteriorated in the river Barc5u/Beretty6, by waste waters of oil industry 
of Suplacu de BarcSu and of urban wastes of the town Marghita. Some species became, 
most probably totally extinct from this river: Leuciscus leuciscus, Gobio kesleri, and at 
least in the Romanian section, Gymnocephalus schraetser. The extinction of the local 
populations of the three former species is a regretful lost for the biodiversity, since L. 
leuciscus is one of the most threatened fish species in the drainage area of the middle and 
lower Danube, while the local populations of both other species had some peculiarities 
which distinguished them from the other conspecific populations in the Cri$/K6ros system. 
Also the fish fauna of the upper Barc3u river, that has not been affected by waste water has 
been impoverished, possibly because of the reduction of the amount of water: the black 
spotted specimens of trout are much more rare than formerly and the sculpin (Cottus gobio) 
has been become, too. 
Only the fish fauna of the rivers has been investigated during the 1994/1995 trips: not 
that of standing waters. 43 fish species were, or are normally present in rivers (some of 
321 
them also or even prevailingly in standing waters: carp, pike, perch etc.). Three are only 
occasionally intruders from the Tisza: Anguilla anguilla, Acipenser ruthenus, Pelecus 
cultratus. The 40 others are listed in Table 1., their occurrence in the rivers and status: 
common, rare, probably extinct, never present, vulnerable i.e. more rare than formerly is 
mentioned. The fact that some species have not been collected in 1994/1995 does not mean 
that they are probably extinct; some of them have always been rare (e.g. Lota lota, 
Thymallus thymallus), others can not easily be collected with the nets we had at our 
disposal (Silurus glanis, Cyprinus carpio). 
Generally speaking, the situation of the fish fauna of the three Crij/Koros rivers is 
better than that of most other rivers in Romania and Hungary. The Crijul Alb is the only 
river in Romania where L. leuciscus surely survives and the only one, alongside the Nera 
where Zingel streber retains its former abundance. Another percid species, Gymnocephalus 
schraetser, aparently retains its former abundance, too while in the Timi? it became more 
rare. Following species are rare, or more rare than formerly: Eudontomyzon danfordi, 
Thymallus thymallus (native only in the Cri?ul Repede and tributaries), L. leuciscus 
(probably extinct from the Cri$ul Negru), Chondrostoma nasus, Gobio uranoscopus, 
Barbus barbus, Cotus gobio (in the Crijul Repede and Cri§ul Alb), Lota lota, 
Gymnocephalus baloni and Stizostedion volgense have only recently been found in the 
Cri§/Kor&s rivers. 
The most endangered fish species from standing waters is Carassius carassius; 
endangered is also Tinea tinea, while Scardinius erythrophthalmus and, in the pools of the 
ler river system, Umbra, have retained their abundances. The status of Leucaspius 
delineatus is undetermined Proterorhinus marmoratus has only recently been recorded in 
the Cri$/Koros river system. The endemic subspecies S. erythrophthalmus racovitzai has, 
according to recent information, retained its abundance in the thermal lake "Baile 
Episcopesti". 
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Table 1. Occurrence of the fish species in the Cri$/K6ros river system 
SPEC1ES CrR/SK Dr B CrN/KkK CrA/FhK HK 
Eudontomvzon danfordi R R / R R / 
Salmo trulta fario V C V C V / 
Thvmallus thvmallus F. E / / / / 
Esox lucius T C C C rC 
Rulilus mtilus c c c C c 
Leuciscus cephalus c c c C rC 
Leuciscus leuciscus R Ex? R / / 
Leuciscus idus C Ex? C c rC 
Aspius aspius R Ex? C c c 
Chondrostoma nasus C Ex? C c c 
Albumus alburnus C C C c C 
Alburnoides bipunctatus C V V c c / 
Blicca biocrkna 9 C c c rc 
Abramis brama C V c c C 
Abramis sapa / / ? rC 9 
Abramis ballerus R R rC R 9 
Vimba vimba C / C C R 
Phoxinus phoxinus C c Ex? c c / 
Rhodeus sericeus C rC c c R 
Gobio gobio C C c c rC 
Guranoscopus frici V / C / / 
Galbipinnatus vladvkovi c C c c C 
G kessleri rC Ex rC rC 9 
Barbus barbus C Ex? rC rC rC 
B.peloponnesius petenvi C R / C C / 
Cvprinus caipio rC rC rC rC c 
Orthrias barbatulus C C C C c 
Cobitis taenia danubialis rC 9 rC rC R 
Sabaneicwia aurata balc rC Ex? rC rC R 
Silurus elanis R / R R rC 
Lota Iota R Ex R R R 
Cottus eobio C Ex? Ex? C 9 / 
Perca fluviatilis rC 9 C c C 
Gvmnocephalus cernuus R R R R rC 
G balonii 9 / rC rC rC 
Q. schreatser rC Ex? C rC rC 
Stizostedion lucioperca R / C C C 
Stizostedion voleense / / ? 7 R 
Zineel streber Ex? Ex? rC C ? 
Zineel zineel Ex? / R R 9 
Cr.R/SK = Crijul Repede/Sebes-Körös; Dr. = Drägan; B. = Barcäu/Berettyö; Cr.N/HkK = Crijul 
Negru/Fekete-Körös; Cr.A/FhK = Cri?ul Alb/Feher-Kürös; 
HK = Härmas-Körös 
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Abstract 
The study displays in tables and graphs the content of heavy metal (Cu, Zn and Mn) 
of the water, of the sediment and of some fish species along Cri§/Kor6s rivers. It was 
established that these fish species contain quantities that exceed about 16-24 times the 
permitted standards. 
Keywords: Cri$/K6ros rivers, Pisces, heavy metals. 
Introduction 
Fish species usually accumulate small quantities of heavy metals, but predatory fishes 
sometimes accumulate greater quantities than the rest of aquatic organisms. (Svobodová 
and Hejtmánek, 1985). 
Hallebach demonstrates the fact that the heavy metals first of all penetrate through the 
mucous membrane of the branchia, from where they spread after some day and accumulate 
in the kidneys and the liver. In the cells these metals are bound by cystein-rich proteins 
called metallothioneines, but these proteines also have the main role in their elimination. 
(Ábrahám, 1996; Grahl et all. 1985). 
Numerous studies analysed the content of the metals in the flesh of the fishes and 
compare them with the nourishing normatives elaborated in this sense (Gaál et all., 1985). 
Our purpose was to determine in what measure represents contamination danger by 
heavy metals the consumption of fish from the Cri§/Körös rivers for the local human 
population and if this bioaccumulation endangers the continuance of the fish populations 
in these rivers. 
Taking into consideration the mining in the upper zones of these rivers it was to be 
expected such a pollution. 
1 The first name is Romanian, and the second Hungarian. 
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M a t e r i a l s and Methods 
In July 1994 we collected different fish species from some collecting stations on the 
rivers Cri§ul Alb/Fehér-Körös, Crijul Negru/Fekete-Körös, Kettős-Körös and 
Hármas-Körös. The fishes were eviscerated and cleaned similarly to the method with 
nourishing purpose. The material prepared in this way was dried in a disinfector (100 -
105°C) at the camp. So our results are related to the dry material of the organs. 
The determinations of the heavy metals were performed in the analytical labs of the 
Chemistry Faculty of the Babe§-Bolyai University using atomic absorption 
spectrophotometer. 
Results and discussions 
The European normatives for the copper content of fish flesh admit as maximum value 
a 10 mgCu/kg content. As it results from the Table I. and from the diagram on the Fig. 1., 
the Gobio albipinatus species collected from Cri$ul Alb, below Brad, contains 10,52 mg 
Cu/kg of dry substance. Related to fresh weight this means that it exceeds approximately 8 
times the permitted values of the above mentioned standards. The Alburnus alburnus 
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sample from the same river at Chi$ináu-Cri$ also exceeds considerably the permitted 
values. 
The permitted maximum concentration of zinc is 50 jig/kg in fish flesh. As the zinc 
has a high rate of accumulation in all aquatic organisms (Hallebach, 1985; Wachs, 1985). 
And the fact that in the rivers taken in study, these elements are present in large quantities, 
all the examined samples contain quantities that exceed about 16-24 times the permitted 
standards (Table 2., 3. and Fig. 2., 3.), taking into consideration the fact that the numbers 
from the table refer to the concentrations received from the dry substance. 
The researched species in the Cri$u Alb are: Condrostoma nasus, Leuciscus 
chephalus, Alburnus alburnus, Alburnoides bipunctatus, Stizostedion lucioperca and 
Gobio albipinatus. The zinc quantities identified in populations of these species represent 
a bioaccumulation of 900 to 19 000 times higher than the quantities found in the water. 
In the rivers Cri§ul Negru and Kettős-Körös were investigated 3 species, L. cephalus, 
Coitus gobio and Rhodeus sericeus amarus which accumulation rate varied from 5 000 to 
24 000 (recalculated values at fresh flesh), regarded to the zinc in the water. 
Considering our results, bioaccumulation of manganese in fishes has lower values as 
compared to those established in unionide shell. Though there are no data proving a toxic 
effect of manganese, in the European standards the maximum concentration permitted in 
the flesh of the fishes is 8 mg / kg. As it appears from the Table 4., 5. and Fig. 4., 5. the 
number of the samples are more informative, they being placed where the water 
concentrations represent maximum and minimum values. Species in which the content of 
manganese was investigated are: Condrostoma nasus, Alburnus alburnus, Alburnoides 
bipunctatus, Gobio albipinatus, Coitus gobio and Rhodeus sericeus amarus. The values 
recalculated for fresh weight, exceed from 2 to 373 times the above mentioned standards. 
The significant concentrations of Cu and Zn identified in the studied fish populations 
indicate the fact that they are very affected and the danger of their disappearance is 
obvious. This opinion is supported by the fact that the great majority of the samples are 
reduced in dimension and the abundance of the populations is less lower regarding to the 
values of the last decades. 
Conclusions and proposals 
The flesh of the fishes from Cri$ul Alb, Cri?ul Negru and Kettős-Körös, according to 
their Cu and Zn content, cannot be recommended for consumption and it is necessary to 
take urgent measures in this sense. 
In the case that urgent measures will not be taken to reduce the pollution by the heavy 
metals in these rivers, valuable and sensitive elements of fish fauna will disappear within a 
very short time. 
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Table 1. 
Cu Cri, Brad Aciufa Alma? Ineu Chi?ineu-Cri$ Gyula 
Water 
(Wl) 
2.9 15.3 536 2.5 2 2.1 2 
Sediment 
(ntftg) 
42100 377900 126200 6000 217200 23400 26000 
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Water 
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The terrestrial snails of the Hungarian section of the three 
Koros/Cri$ and the Berettyo/Barcau1 rivers and their 
zoogeographical evaluation 
Tamás Domokos, Károly Bába & f Gyula Kovács 
Introduction 
The article is summarising the results of the collections effectuated in the last 36 years 
along the Körös and Berettyó rivers. In the exploration of the Körös river system district, 
our malacologist mate, Gy.Kovács had an initiatory role. The authors consider the deceased 
an honorary co-author. 
Abstract 
The three authors summarise the results of the collections effectuated in the last 36 
years along the Körös/Cri? and Berettyó/Barcáu rivers. Gy. Kovács who deceased in 1996 
is considered honorary author considering his initiatory attitude and his results. 
The Körös/Cri? rivers after the flow meeting of the Fehér-Körös/Crijul Alb and 
Fekete-Körös/Cri$ul Negru are forming the Kettős-Körös river. After the inflow of the 
Sebes-Körös/Cri$ul Repede is named Hármas-Körös. The Berettyó river is flows in the 
Sebes Körös/Crij. The rivers Berettyó, the Fekete and Fehér Körös spring from Romania. 
From the Körös/Cri? rivers, divided into six units there were accounted 55 species. The 
species set of the sole-standing units is influenced by the scarce exploration (in the case of 
Berettyó and the Hármas-Körös), and the pollution of waters (Sebes-Körös). Other 
influencing factors are the high percentage of the agricultural territories, the low degree of 
the forests (5,4%), the high degree of the daily and annually oscillation of the temperature, 
the soil-water rich in sodium-bicarbonate - helping the soil-sodification. As a consequence 
of the enumerating, the percentage of the continental fauna-circles is high, especially those 
1 The first name is R o m a n i a n , and the second Hungarian. 
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of the holarctic fauna-circles, marking cultural influences. For the explored territory the 
most characteristic are the dacico-podolical Hygromira kovácsi and Chilostoma banalica, 
immigrated from the catchment area. 
Materials and methods 
The collection of the terrestrial-fauna of the three Körös and Berettyó rivers is a result 
of the collecting activity of three authors: Kovács (1974-1988), his results are 
communicated by Pintér et all. (1979). Bába (1980-1993) began the data collection in 1973 
(Bába, 1980), Domokos (1980-1995). In the exploration of the territory there were 
co-operating Majoros G. (Domokos 1987), Podani J., Parászka L., Varga A. (Pintér et all 
1980) also. The first table divides the founded species in six compartments (parts) of the 
river. The units are: Sebes-Körös (1), springs from Romania, Fekete-Körös (2), 
Fehér-Körös (3), the Kettős-Körös (4), formed by the meeting of Fekete- and Fehér-Körös, 
the Berettyó (5), inflow into the Sebes-Körös, and the Hármas-Körös (6), formed after the 
meeting of the above named Körös/Crij rivers. The column (7) contains the total data. The 
table contains also the fauna-circles made up with area-analytical method of the 
zoogeographical partition based on the studies of Bába (1982, 1986). The percentage 
values of the Table 2. were calculated based on the presence of the species. 
The list of species didn't contain the deadly found species from the stream deposits: 
Sphyradium doliolum (Bourg. 1972). Kovács (1980), the species settled in the inner 
territories of towns, in gardens, parks and cemeteries due to antropogenous influence, or 
dragged from outside Arion fasciatus (Nilsson, 1822), Heliodiscus singleyanus (Pilsbry, 
1890), (Benoit 1862) Kovács-Domokos 1987, Oxychilus draparnaudi in many places, 
Balea biplicata (Montagu 1803), Domokos 1994, Cepaea nemoralis (Linné 1758 ),Cepaea 
hortensis (O.F. Mülier 1774) Kovács 1980, the last was found in many points of the country 
in horticulture. In the summarised assembling were included the synanthropical species 
found in oxbows, wave areas, drained share-lawns and in the woods: Limax maximus, L. 
flavus, Arion hortensis and Oxychilus draparnaudi, Cepaea hortensis (Szarvas, near the 
Holt-Körös, collecting Domokos). The relation between the river sections was examined 
with Niclas 2 Clusteranalyse and Princoor Principal Coordonates Analyse (Podani, 1988). 
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Fig. 1. Niclas 2 average linkage diagram Fig. 2. Princoor: Principal Co-ordinates analysis 
The environmental factors determining the presence of the species 
The explored part of the Tiszántúl botanically belongs to the Crisicum flora-district 
(Soó 1964). From the point of view of the river sections, the plain between the Körös/Cri§ 
and Maros/Mure§, and the Körös district are parts of natural-geographical landscapes 
(Somogyi 1990). The flora district is characterised by Pécsi, Somogyi, Jakucs (1972) as 
being deforestation by the many century agricultural activity, and are characterising the two 
landscapes as a "continental wooded-steppe plain, dominantly agricultural landscape 
type", soils of which, on the drained territories are meadow-like, and due to the draining 
were sodificated. The forestation of the two districts, in the face of the Alföld's forestation 
(16%) is low. The plain between the Körös-Maros, on the north part of which is flowing 
the Hármas-Körös is deforested 1,5%. The Körös district is 5,4% wooded Danszky (1963). 
The most part of the forests is planted. Along the Fehér-, Fekete- and the Kettős-Körös, 
there are remains of grove-forests. Near the Hármas-Körös and the Berettyó there are 
willows, but they are often not compact at all. After the data of Directory Department of 
Waters from Szeged, the water of the Sebes-Körös/Cri$ul Repede arrives polluted in the 
country, that influences the fauna-transport of the snails by the river. In the deforested 
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territories, the climate is continental; the rainwater of the vegetation period is 320-330 mm 
(Marosi, Somogyi, 1990). The annually oscillation of the temperature is 25 °C. The 
monthly oscillation is also considerable. The hot days number is above 40, the number of 
the rain lacking days is between 20-30. The aridity index (the quotient of the sums of the 
median temperature of April-August and those of the gravity measured of rain between 
October-August C/100 mm) in the period of 1931-1992 is the highest on this territory. In 
1992 it was between 10-12. The value between 6-8 marks a moderate drought (Pâlfai 
1993). 
The characteristics of the species composition 
The data included in the table 1. are confirmed by the data referring on the deforested 
area, climatic and water pollution: the fewest number of species were found near the 
Sebes-Körös, Berettyó and near the Hármas-Körös. In the same time these three territories 
are the most scarcely explored. The greatest number of species was found in the near-nature 
grove-forests remains, the richest near of the Fekete-, Fehér-, and Kettős-Körös rivers. It 
can be due to the influence of some environmental factors, the continental climate, the 
strength of the cultural influences (agricultural activity, forest settlings, forest handing, 
mowing), that on this territory there were found only 13 from the 20 fauna-circles found 
on the plain district (Bába, 1982), the most of them belongs to 8 fauna-circles (56%) from 
the continental fauna-circle, this in some river-sections reaches is 64-68% (Table 2.) The 
cultural effects are presented by, in many river-parts, the synanthropic naked-snails 
appearing in the wave-share, as Ar ion hortensis, Umax maximus, L. flavus and at a single 
place the Cepacea hortensis. The influences of the fauna transportation by the running 
water coming from Romania is showed by the followings: tracian (5.2.1) Oxychilus 
inopinatus, the illirian-moesiac (5.2.2) Malacolimax tenellus, Milax budapestiensis, the 
holomediterranian (8) Vitrea contracta, Oxychilus hydatinus. The most characteristic 
elements of the Körös/Cri? valley sand and also of the Plain-country (Alföld's) 
malacofauna are the ponto-pannonical (5.3) Helix lutescens, the dacico-podolian (4.5) 
Hygromia kovácsi and that of Chilostoma banatica. The species are deriving from the 
source of the Sebes-, Fekete and Fehér Körös rivers. It is known from near the 
Fekete-Körös arriving from Transylvania (Domokos, 1992). 
The distribution of the fauna-circles 
The common characteristic of the explored Koros/Cri? river sections is, that the 
climatic continentally is expressed by the high percentage (tab. 2) of the continental 
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fauna-circles. Inside of them, the district is characterised by the high percentage of the wide 
supporting Holarctic fauna-circles percentage, its emerging values we find along the 
Sebes-Körös and Berettyó. The high percentage of the continental fauna-circles is 
characteristic for the settled and cultivated forests, for the mowed fields (Bába, 1992, 
1993). Compared with other plain-region rivers it is too high the percentage of the 
ponto-pannonical fauna-circle in the named river sections. The dacical-podolical 
fauna-circle, by his species, represents only the five Middle-European mountain-range 
fauna-circle groups around the Körös rivers, far the carpatic, carpato-sudetic, 
carpato-baltic, alp-carpatic fauna-circles are absent. 
From the subatlantical fauna-circles, the illiric-moesiac fauna-circle is not present due 
to the collecting insufficiency, or to the absence of trees, along the Sebes-, Hármas-Körös 
and Berettyó rivers. A similar sense has the absence of the atlanto-mediterranian 
fauna-circle on the marked sections. On the Hármas-Körös river, the Cepaea hortensis is 
synanthropical. 
Similarly to the ponto-pannionical fauna-circle, the percentage of the many 
xeromesophil species containing holomediterranian fauna-circle is the highest also on the 
named river sections. 
The relation of the river sections 
Based on the distribution of the fauna-circles, the resemblance between the different 
river sections is different. Based on cluster analysis, three cluster-nucleus are forming: the 
1, 5 the Sebes- and Hármas-Körös; the 2, 3, 4 the Fekete-, Fehér- and Kettős-Körös, and 
the furthest distance from the two group-nucleus the 6 the Berettyó, and 7 the totalled 
Körös/Cri? district (Fig. 1). 
The ordering (Pincoor: Fig. 2) strengthens the strongly nearby standing of the Sebes-
and Hármas-Körös rivers. The Fekete- and Kettős-Körös based on the dendrogram presents 
any resemblance. Instead of the Fehér-Körös by the lack of the adriato-mediterranian 
fauna-circle and by the low species number. The scarcely explored fauna of the Berettyó is 
separated from that of other river-sections. Diversities Shannon-Wiener are the lower along 
the Sebes-Körös/Cri§ and Berettyó river (Tab. 2). 
Summary 
The authors were studying the species components and zoogeographical composition 
from the environment of the rivers springing from Romania, of the Sebes-, Fekete-, and 
Fehér-Körös, of the Berettyó rivers and that of the Kettős- and Hármas-Körös formed by 
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1. 2. 3. 4. 5. 6. 7. 
1.1. East-iiberian 
1 Carichium minimum O.F.Müller 1774 + + + + + + + 
2.Pupilla musco rum /Linné 1758/ + + + + - + + 
3.Succinea putris /Linné 1758/ + • - + 
4.Punctum pygmaeum /Drapamaud 1801/ + + + + + + + 
5.Árion subfuscus /Drapamaud 1805/ + - + + + - + 
6.Neso vitrea hammonis /Ström 1765/ - + + - - + 
7.Bradybaena fiuticum /O.F.MüUer 1774/ - + + + + - + 
8.PerforateUa rubiginosa /A.Schmidt 1853/ + + + + + - + 
1.2.Wett-*iberian 
9. Vestigo pygmea/Drapamaud 1801/ + + + + + + + 
lO.Succinea oblonga Drapamaud 1801 + + + + + + + 
1.3.Euroiiberían 
11 Deroceras laeve /O.F.MüUer 1774/ + + - + - + 
12.Deroceras agreste /Linné 1758/ + + + + • + 
13 Deroceras reticulatum /O.F.MüUer 1774/ + - + + 
1.4.Holarctic 
M.Cochlicopa lubrica/O.F.MüUer 1774/ + + + + + + + 
15.Vertigo an ti vertigo /Drapamaud 1801/ + + + + + 
lő.VaUonia pulcheUa /O.F.MüUer 1774/ + + + + + + + 
17.Vallonia costata /O.F.Müller 1774/ + + + + + + + 
18.Acanthinulaaculeata /O.F.MüUer 1774/ + + + - + 
19. Vitrina pellucida /O.F.MüUer 1774/ + + + + + - + 
20.Zonitoides nitidus /O.F.Müller 1774/ + + + + + + + 
21 Euconulus fùlvus /O.F.MüUer 1774/ + - + + + + 
2.2.Turke>tanian 
22.Cochlicopa lubriceUa //Porro 1836/ + + + + + + + 
3.Kaspian-uniiatian 
23.Vallonia enniensis /Gredler 1856/ + - - + - + 
24.EuoruphaUa strigeUa/Drapamaud 1801/ + + + - + 
25.Cepaea vindobonensis/Férussac 1821/ + + + + + + + 
5.3.Pontian-pannonian 
26.Helix lutescens Rossmüssler 1837 + + + + - + 
27 Helicella obvia /Menke 1828/ + + + - + 
28.Helicopsis striata /O.F.MüUer 1774/ - + + - - + 
29.Helix pomatia Linné 1758 + + + + + + + 
9.5.Dacian-podolian 
30.Hygromia kovácsi Varga et Pintér 1972 - + + + - + 
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the meeting of the firsts. At the evaluation, were not taken into consideration the species 
artificially settled and immigrated in towns, parks, gardens, cemeteries, and the dead 
exemplars found in the stream deposits. 
The explored territory, where the K6r6s/Cri§-river sections extend, is a low forested, 
mainly agriculturally used drained unit. Comparing with other parts of the Plain Region 
(Alfbld) it has an accentuated temperature-oscillation and an ordinarily found high aridity 
index. 
It can be stated, that the absence of trees, otherwise in the territory under strong 
anthropogenical influences (mowing, water-draining, forest settling and cultivation) in the 
condition of an extreme continental climate, the percentage of the continental fauna-circles 
is considerably high. 
It is characteristic the high percentage of the holarctical and ponto-pannonical 
fauna-circles. In the most forest-covered parts of the Kor6s/Cri§ rivers district the 
dacico-podolical Hygromia and Chilostoma is representing the characteristically species 
for the Kiiros/Cri? district. Resembling to the holarctical, the high percentage of the 
ponto-mediterranian fauna-circle, and at any river sections, the lack of the illir-moesiac and 
atlanto-mediterranian fauna-circles are marking the species-deficient formed as a 
consequence of the climate and anthropogenic influences. 
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Contribution to the knowledge of the ant-fauna 
(Hymenoptera, Formicidae) 
of the Cri§ul Repede river valley 
Bálint Markó 
Abstract 
In the present paper the author offers new data to the knowledge of the ant-fauna of 
the Cri§ul Repede river valley, summarizing and increasing the number of known species 
to 34, including the Formica balcanina and the Myrmica hellenica species which were 
reported for the first time in Romania. By classifying the ant-fauna of the different 
sample-sites on the basis of the ecofaunistical types, the bank of the river is characterized 
through the composition of the ant-fauna. Regarding the F. balcanina the author proposes 
the idea that the river valley could have served as an ecological corridor for this species. 
Keywords: ant-fauna, Cri§ul Repede river valley, ecological corridor 
Introduction 
Although continuous research on the ants of Romania have been carried out since the 
1950's (Paraschivescu, 1978) the checklist of the species hasn't been accomplished yet as 
there are a lot of regions still to be searched by specialists. 
We can say that Transylvania constitutes more or less an exception to these conditions, 
as the first studies in this region were carried out at the end of the XIX century by Milller 
and Worrel and later Mocsary and ROszler. More recent studies of to the ants of 
Transylvania were carried out by Paraschivescu and additionally by Knechtel 
(Paraschivescu, 1983). 
The valley of the Cri$ul Repede river is one of the previously studied regions of 
Romania. Mocsary collected here and later Paraschivescu & Arca§u published a checklist 
of the species occurring in the valley (Paraschivescu & Arca§u, 1976). In this paper new 
data is offerred to add to the knowledge of the valley's myrmecofauna. 
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Materials and methods 
The sampling was carried out July 20-27 during the Cri$ul Repede Expedition. Eight 
sample-sites were chosen along the river from its spring to the Romanian-hungarian border, 
including one of its main affluent, the DrSgan Creek. 
The sampling was made by collecting specimens from the ground and from nests. The 
specimens collected were preserved in 70° ethanol. 
We considered it very important to deal in this study with the data of Paraschivescu & 
Arca§u (1976) and of Mocsdry (in Paraschivescu & Arca§u 1976) in order to produce a 
more precise checklist of the ants of the valley. We used only those data which refer strictly 
to the riverbank - sample-sites as Ciucea, §uncuiu§, Vadu Crijului, Oradea - and we 
excluded those obtained elsewhere, far from the river - sampling sites Calata, Baile 1 Mai, 
Baile Felix (Paraschivescu & Arca$u 1976). Thus we now have data from 11 sample-sites 
situated along the river. 
For determination of the species we used the keys of Collingwood (1979), Petrov & 
Collingwood (1993) and Seifert (1988, 1992). 
Results and discussions 
In this study 20 ant-species were recorded from the river valley, among them the 
Formica balcanina (Petrov & Collingwood 1993) and the Myrmica hellenica (Forel 1913) 
which were reported for the first time in Romania. Considering the checklist of the species 
presented by Paraschivescu & Arca$u (1976) which consists of 28 species occurring only 
along the river, 7 species are new for the fauna of the valley, increasing the number of 
species to 35. The F. balcanina species was possibly recorded by Paraschivescu & Arca$u 
as Formica cinerea Mayr since the former species was separated only in 1993 from the F. 
cinerea group, and according to our studies it is very common along the river, while the F. 
cinerea wasn't found by us. Considering this the total number of the known species is only 
34 (Table 1.). 
In order to characterize the riverbank of the Cri$ul Repede on the basis of the ants, we 
classified the species using Pittioni's ecofaunistical classification (in Móczár 1948) applied 
by Móczár (1948,1953) to hymenopterans as ecological types. This classification was used 
by Gallé (1966, 1967, 1969) and Gallé & Gausz (1968). 
The ecofaunistical types are as follows: 
1.) stenooecic eremophil (SE) - mostly Mediterranean, rare species that prefer 
steppe-like, xerothermous habitats, up to 200 m. 
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Fig. 1.: The distribution of the different ecological types along the Crisul Repede 
river - excluding the Origin Creek I EH - euryoecic hylophil. HI -
hypereuryoecic intermedia-. EE - euryoecic eremophill 
Sample-aitM /locatttiM/ 
2.) euryoecic eremophil (EE) - species preferring warm and dry habitats, they are not 
so widespread, generalists in the planes and on the hillsides up to 600 m. 
3.) hypereuryoecic intermedier (HI) - species with wide habitat-preferences, they 
occur approximately everywhere except the mountain forests; 
4.) euryoecic hylophil (EH) - they prefer the pastures of the highlands, below 200 m 
they occur only in forests with raised humidity along the riverbanks or in swamps, they are 
not so freouent. 
Fig. 2.: The distribution of the F kalcanina along the Crisul Repede river 
1 - Bologa I I - Ciucea / 3 - the begining of the Strait / 4 - the end of the Strait / 5 - Alcjd / 6 - Fughiu / 7 -
Oradea / 1 - Cheresig (country border) / tht dotted points + 3-4 - points where the F balcanina was found 
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5.) stenooecic hylophil (SH) - species occurring mainly in mountains, or in habitats 
with raised humidity, from 300 m up. 
Nevertheless the reliability of such categories could be questioned. For example, as 
the Formica truncorum is present (a typical stenooecic hylophil species) in a few forests of 
the Great Hungarian Plaine (Gallé 1986, Markó 1997 unpubl.) which supposes the 
eremophil character of this species, we considered it to be useful in forming an adequate 
picture on the riverbank as the habitat of the species. The number of species collected 
doesn't allow us to precisely characterize the valley of the river on the basis of the ants' 
habitat preferences. However, we can still form a close picture on the changes in the 
composition of the myrmecofauna (Fig. 1.) determined by the changes of the riverbank. 
Thus, due to the mountain character of valley of the Drágan Creek the hylophil 
cathegory is well represented (Table 2.). Here we have found the only stenooecic hylophil 
speceies, the F. truncorum. Nevertheless the eremophil and intermediary ecological types 
dominate. Close to the spring of the river we encounter the dominance of the eremophil and 
intermedier categories, but their presence slightly falls back as the river enters the 
Carpathians where the hylophil category strengthens. It is interesting how the hylophil 
species partly or entirely disappear at the two endpoints of the Cri§ul-Repede Strait, but 
between these, in the Strait itself, their presence gets stronger. Moreover, the Strait has one 
of the richest ant-faunas of the sample sites. Certainly it is the wide range of habitats that 
explains the richness of the Strait. 
On leaving the Strait the riverbank gets its final plane-character and as such the 
proportion of the hylophil species decreases. Of course this is caused mostly by the open, 
woodless character of the riverbank. 
As our study shows there is a slight inversion in the composition of the ant-fauna of 
the riverbank: while at the spring and at the end of the river the fauna is strongly dominated 
by eremophil and intermedier species which inhabit mostly the hillsides and the plane, the 
middle part of the river is characterized by the noticeable presence of the hylophil, mostly 
mountain or woodland species, although they still don't dominate. 
Referring to the F. balcanina, which was reported for the first time in Romania, the 
five sample-sites (Fig. 2.) where the species' presence was observed currently constitutes 
the most northern points of its area. Formerly the species' presence was only reported from 
Serbia, Bulgaria, Greece and Turkey, but as it was described and separated from the F. 
cinerea species only in 1993 it could have been recorded in Romania under the name of F. 
cinerea, as possibly happened in the case of the Crijul Repede river valley (Paraschivescu 
& Arca$u, 1976). 
The location of the five sample-sites on each side of the Carpathians brings up a 
possible explanation for the way it migrated from the Balkans to Transylvania. This species 
could easily spread from the Balkans to Oradea owing to the plane lying in between, and 
in its migration it could have used the riverbank of the Cri§ul Repede as a corridor when 
entering Transylvania. This could support Paraschivescu's idea (1976, 1978) that the 
Mediterranean species entered Transylvania using the banks and valleys of the rivers which 
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Table I.: The aat-fauna of the Criful Repede river-valley (summarized data) / • - sample-sites searched 
only by Paraschivescu & Arcaju / • • - species collected by Paraschivescu & Arca$u too / • • • - species 




















r u b r a " 
(Linné) 
X X X X X X 
EH Myrmica 
ruginodis Nyl. X X 
EE Myrmica 
hellenica Forel X 





t o r " ' 
(Latr.) 
X X X 
HI Solenopsis 
ftigax"*(Latr) X X 
EE Leptothorax 
unifascia-





X X X X X X X X X 
HI Tetramonum 























( l ^ c h ) 
X X 
EE Camponotus 










X X X 
HI Laaius n ige r " 


























X X X X X X 
EE Lasius 
umbrarus' • * 
(NyL) 
X 
H1 Lasius flavus" 




X X X 
EH Formica 
exsecta" Nyl. X X 
EE Fromica 

















X X X X X 
EH Formica 
















Table 2.: The distribution of the ecological types on the different sample-sites on the basis of the summarized 













Alejd Fughiu Oradea Chere— 
sig 
SHV. - - 8.3 - - - - - - - -
EH V. 25 28.5 25 36.3 15.7 30.7 - - - 16.6 20 
HI% 50 28.5 25 27.2 21 15.3 60 25 40 33.3 40 
EE% 25 42.8 41.6 36.3 63.1 53.8 40 75 60 50 40 
number 
of ipeciel 
4 7 12 11 19 13 5 4 5 12 5 
cross the Carpathians. The bank of the river with its open, sun-exposed character could 
easily offer a perfect habitat to the F. balcanina. 
This hypothesis of the F. balcanina's migration also brings up the theory that under 
these conditions the river valley could have served as an ecological corridor for this species. 
As Gallé et al. (1995) defined: ecological corridors are habitat strips, which promote the 
exchange of flora and fauna elements by migration between quasi-natural habitats ("core 
areas"). Nevertheless the usage of this term in the case of the Crijul Repede river valley 
could be argued against, as we of yet have no evidence that West Transylvania is a core 
habitat for this species, and according to this it remains to be proven in the future whether 
the river valley acts as a real ecological corridor for the F. balcanina or it is just a simple 
habitat strip. 
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Herpetofauna of Cri§ul Repede/Sebes Koros 
and Barcau/Berettyo1 river basins 
loan Ghira 
Abstract 
This paper presents the results of herpetological investigations in Cri§ul Repede and 
BarcSu river basins. In these areas, 14 amphibian and 11 reptile species live. Based on the 
occurrence of the specimens, the degree of threatening of species was estimated as follows: 
12% are common, 44% are rare, 20% are vulnerable, 20% are endangered and 4% have an 
uncertain position. 
Keywords: herpetofauna, amphibians, reptiles, threat degree, Cri?ul Alb river, BarcSu 
river. 
Introduction 
The Cri$ul Repede river springs at an altitude of about 700 m, close to the Izvorul 
Cri$ului village. It has a length of about 148 km and the hydrographic basin has a surface 
of about 2425 square km. The Crijul Repede system drains the northern sides of the 
GilSu-VlSdeasa and Padurea Craiului Mountains. Two of its main tributaries, the Valea 
Iadului and Drfcganul, spring in the Vladeasa Mountain, at an altitude of about 1500 m. 
The herpetofauna of the Cri§ul Repede basin has been well studied at only three 
localities (Defileul Crijului Repede, Oradea and Stana de Vale). In literature, very few 
observations of the rest of the territory exist. 13 amphibian and 11 reptile species are known 
altogether. 
1 The first name is Romanian, and the second Hungarian. 
353 
Material and method 
The investigations were performed in July 1995 and sporadically before and after this 
period. Also, data from literature and those obtained by Márton Venczel (Muzeul Járii 
Cri$urilor - Oradea), Dan Cogálniceanu (Faculty of Biology - Bucharest), and Octavian 
Craioveanu (student at our faculty) were being used. In this way we wish to express our 
special thanks to them. 
In July 1995 all the hydrographic basins of Crijul Repede along with the two main 
tributaries and Barcáu river were covered. Few specimens were collected and preserved, 
especially Rana ridibunda, for observing the role of this species in the aquatic ecosystems. 
Cri§ul Repede basin was divided into three main zones: mountainous - between 1500 
m and 900 m, hilly - between 900 and 300 m and plain - below 300 m. The differences 
between these zones were determined because of the spreading of the herpetofauna. 
Results 




3CR 3CR, Stána de Vale -
2 Triturus alpestris Stána de Vale _ 
3 Bombina variegata 2CR.3CR 2CR.3CR.Stána de Vale _ 
4 Bufo bufo 2CR.3CR 2CR.3CR.Stána de Vale _ 
5 Bufo viridis » Stána de Vale _ 
6 Rana temporaria 2CR.3CR 2CR.3CR.Stána de Vale _ 
1 Lacerta aeilis 2CR.3CR Stána de Vale _ 
2 Lacerta vivípara 2CR.3CR 2CR.Stána de Vale _ 
3 Anguis fragilis 2CR.3CR 2CR,Stána de Vale _ 
4 Natrix natrix 2CR.3CR _ _ 
5 Vi pera berus 3CR Stána de Vale -
Table 1. Herpetofauna of the mountainous zones. Collecting points: 2CR (Dráganul 
valley); 3CR (Valea ladului valley). A: species found by us; B: species recorded in 
literature; C: species which could exist in the ecosystems. 
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2 Trituras cri status 5CR,8CR,9CR 1CR,8CR,9CR,11 
CR 
-
3 Trituras vulgaris 5CR,8CR,9CR 1CR,4CR,8CR,9C 
R 
-
4 Bombina bombina _ 8CR.9CR.1 ICR _ 





6 Pelobates fuscus . X 
7 Bufo bufo 1CR.4CR ICR,4CR,8CR,9C 
R 
-
8 Bufo viridis 8CR 1 ICR _ 
9 Hvla arbórea ICR 1 ICR _ 
10 Rana ridibunda 8CR.9CR _ _ 
11 Rana dalmatina 8CR,9CR,1 ICR, 
IB 
11CR -
12 Rana temporaria 1CR.4CR.1B 1 CR,4CR,8CR,9C 
R. 1 ICR 
-
13 Rana arvalis _ X 
1 Emvs orbicularis _ _ X 
2 Lacerta aailis 1CR.4CR.5CR 4CR.8CR.9CR 
3 Lacerta viridis 8CR.9CR 8CR.9CR _ 
4 Podareis muralis 1CR,4CR,6CR,8 
CR.9CR 
8CR.9CR -





6 Natrix natrix 1CR.8CR.11CR 4CR.1 ICR _ 
7 Natrix tessellata 8CR.9CR 8CR.9CR _ 
8 Coronelía austríaca 8CR.9CR 
9 Elaphe loneissima _ 8CR.9CR 
10 Vipera berus - ICR -
Table 2. Herpetofauna of the hilly zones. Collecting points: ICR (DrSganul valley); 
4CR (Valea Iadului valley); 5CR (Izvorul Cri$ului village): IB (BarcSu valley). A, B, C -
similar to Table 1. 
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2 Triturus cristatus 13CR,4B,6B Oradea,Bailel 
Mai 
-
3 Triturus vulgaris 6B Oradea.Bailel 
Mai 
-
4 Bombina bombina 10CR.12CR Oradea _ 
5 Bombina varieeata 7CR.13CR.4B.6B . 
6 Pelobates fuscus 12CR Oradea.Bailel 
Mai 
-
7 Bufo bufo - Oradea,Bailel 
Mai 
-
8 Bufo viridis - Oradea,Bailel 
Mai 
-
9 Hyla arbórea 6B Oradea, Bai leí 
Mai 
-
10 Rana ridi bunda 7CR, 1 OCR, 12CR, 13 
CR, 14CR,17,4B,5B 
Oradea,Bailel 
Mai, Baile Felix, 
Marehita 
11 Rana dalmatina 6B Baile 1 Mai, 
Marehita 
-
12 Rana arvalis _ _ x 
1 Emys orbicularis 12CR.14CR Oradea Baile 
Felix 
-
2 Lacerta agilis 13CR.14CR.I7.4B 13CR 
3 Lacerta viridis 13CR.4B.6B Oradea _ 
4 Podareis muralis _ x 
5 Aneuis fraeilis Oradea 
6 Natrix natrix 17,4B,6B Oradea,Bailel 
Mai 
-
7 Natrix tessellata - Oradea,Bailel 
Mai 
-
8 Coronelía austríaca Oradea 
9 Elaphe loneissima Nusfalau 
10 Vípera berus Oradea 
Table 3. Herpetofauna of the plain zone. Collecting points: 7CR (Alejd); 10CR 
(Cheresig-downstream Oradea); 12CR (Fughiu-upstream Oradea); 13CR (Tileagd); 14CR 
(Szeghalom-Hungary); 17 (Szentes-Hungary); 2B (Santimreu); 5B (Szeghalom-Hungary); 
6B(Voivozi, on Bistra- tributary of BarcSu river). A, B, C - similar to Table 1 
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R R V R 
2 Trituras alpestris R ? _ R 
3 Trituras cristatus _ R R R 
4 Trituras vulgaris _ R R R 
5 Bombina variegata R R V R 
6 Bombina bombina V R V 
7 Pelobates fuscus _ 9 E E 
8 Bufo bufo R R V R 
9 Bufo viridis V V R V 
10 Hvla arbórea _ V V V 
11 Rana ridibunda _ C C c 
12 Rana dalmatina _ R V R 
13 Rana temporaria R R . R 
14 Rana arvalis 9 9 9 
1 Emvs orbicularis _ 9 E E 
2 Lacerta ágil is R C c C 
3 Lacerta viridis _ R V V 
4 Lacerta vivípara R . . R 
5 Podareis mural is . V 9 V 
6 Anguis frapilis R C R R 
7 Natrix natrix R C C C 
8 Natrix tessellata _ R R R 
9 Coronelía austríaca _ E E E 
10 Elaphe longissima _ E E E 
11 Vipera beras V E EX E 
Table 4. Situation of the herpetofauna in the Cri?ul Repede and Barcäu river basins: 






hill zone plain zone 
amphibians 6 SD: 5R: IV 14 so: IC: 7R: 3V: 3? 12 sn: IC:4R: 5V: IE: 1? 
Reptiles 5 sp: 4R; IV 10 sp: 3C; 2R; 3E; 1? 10 sp: 2C;2R; IV; 3E; 
lEx: 1? 
Total 11 sp: 10R; 
IV 
24 sp: 4C; 9R; 3V; 
3E: 4? 
22 sp: 3C; 6R; 6V; 4E; 
lEx:2? 
Table 5. Centralized situation of the herpetofauna in the Cri§ul Repede and BarcSu 
river basins, in the three zones. Abbreviations as in Table 4. 
group C R V E Ex 9 Total 
amphibians 1 8 3 1 _ 1 14 
reptiles 2 3 2 4 _ _ 11 
TOTAL 3 11 5 5 „ 1 25 
% 12 44 20 20 - 4 100 
Table 6. Percentages of herpetofauna species and their threat degree. Abbreviations as 
in Table 4 
Discussion 
Without any doubt, 6 amphibian and 5 reptile species can be found in the mountainous 
area. Of these species, 10 are rare and one is vulnerable, the Bufo viridis, being here at the 
northern border of its spreading area. Other species have a reduced population, especially 
Rana temporaria, collected and killed in spring by the inhabitants for culinary purposes, 
and Vipera berus, killed because of its potential danger. 
The richest herpetofauna can be found in the hilly area: 11 amphibian and 9 reptile 
species. This seems normal because of the diversity of the ecosystem. Of the amphibians, 
it is mainly the presence of three species: Triturus alpestris, although a mountainous -
subalpine species in our country, reaches the hilly zone in the Apuseni Mountains 
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(Metaliferi Mt., at 7-800 m altitude and Highis-Drocea Mt., at 4-500 m altitude); Pelobates 
fuscus, spreads from the plain to 700 m altitude, can live in some ecosystems; and Rana 
arvalis, a species less studied in our country, has been recorded in lerului valley, northern 
from BarcSu. 
Of the reptiles, it is mainly the presence of Emys orbicularis, which can be found in 
the plain zone of these hydrographic basins. Of the 20 existing species, only 4 are common, 
9 are rare, 3 are vulnerable, 3 are endangered and 4 have an uncertain position. The most 
threatened are the three snake species, Coronella austriaca, Elaphe longissima and Vipera 
berus. The people don't know that two of them are not venomous and kill them on first 
sight. Comparatively, in the Deva town zone, in the Mure? river basin, at the same altitude, 
live 27 species of herpetofauna (15 amphibian and 12 reptile species) of which 6 are 
common, 10 are rare, 5 vulnerable and 5 endangered (Triturus alpestris, Pelobates fuscus, 
Emys orbicularis, Lacerta praticolaand Vipera berus). 
In the plain area, the situation is similar; the presence of 19 species is without any 
doubt: 11 amphibian and 8 reptile. The main species: Rana arvalis and Podarcis muralis -
a termophilous species with an islander spreading, closely related to a rocky ecosystem. Of 
the 19 species, 3 are common, 6 are rare, 6 are vulnerable and 4 are endangered; one is 
extinct: Vipera berus disappeared from the Oradea -B5ile Felix area. 
The reasons, both for hilly and plain areas, are destruction of favourable ecosystems 
and utilisation of pesticides. Destruction of ecosystems means: 
- reclaiming of swamps, puddles and marshes, corroborated with destruction of thicket; 
- modifying of the depth of underground water by hydropower stations; 
- reducing of forests, destruction of shrubs and brambles in grasslands and hayfields; 
- destruction of rocky ecosystems by rock exploitation (e.g. Poieni area, where the 
presence of quarries drastically reduced the reptile populations, only very few Podarcis 
muralis specimens can be observed at the moment. 
Pesticide utilisation lead to concentration of toxins in amphibian and reptile 
organisms, which are secondary consumers. 
Conclusion 
In the studied area, live 25 herps species: 14 amphibians and 11 reptiles; of these, 12% 
are common, 44% are rare, 20% are vulnerable, 20% are endangered and 4% have an 
uncertain position. We find this to be an alarming situation, considering that no 
improvements can be expected in the near future. 
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Trophical spectrum of Rana ridibunda 
and its importance in trophical web 
in the Cri§ul Repede/Sebes-Körös1 river ecosystems 
loan Ghira, Lujza lIjvárosy & Gyöngyvér Mara 
Abstract 
65 Rana ridibunda specimens were collected from 3 sampling sites in Cri§ul Repede 
river, for stomach content analysis. It was found that Rana ridibunda consumes 11 insect 
orders (63.5%) and 5 other invertebrate orders (36.5%). The green frog participate in 
terrestrial trophical chains, consuming invertebrates from terrestrial habitats (89.08% of 
total food) and from aquatical habitats (10.92% of total food). 
K e y w o r d s : Rana ridibunda, trophical spectrum, invertebrates, insects, and trophical 
chains 
Introduction 
The trophical needs of Rana ridibunda have been studied by several authors, so in 
generally this problem is known. The earlier papers enumerate the invertebrate and 
vertebrate species, which constitute the food of this ranid species. 
The authors of the present paper make a taxonomical investigation on the invertebrate 
fauna in stomach contents of Rana ridibunda, and try to surprise the role of this species in 
aquatical and periaquatical ecosystems, by its participation in different trophical chains. 
Material and method 
Altogether 65 specimens (40 adults and 25 young) have been collected from different 
ecosystems in the hilly and plain zones, on the Cri§ul Repede river basin. The collected 
material was conserved in 5% formaldehyde solution. 
1 The first name is Romanian, and the second Hungarian. 
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For the correct identification of the species, we used the following measurements: 
L=body length; T=tarsus; Dp=Digitus primus; Cintl=Calu internus length. These results 
were compared with the literature (Berger, 1966). 
After weighting the animals, stomach contents and fat body were extracted, and were 
weighted. A taxonomical analysis of stomach content has been performed until order level 
and, where possible, until family level. 
Results 
T a x o n o m i c pos i t ion 
The collected specimens belong to the Rana ridibunda species; of the 40 adults, at 6 
specimens, the Dp/Cintl ratio correspond with esculenta form; in one individual, collected 
in Hungary, two ratios belong to esculenta form (Dp/Cintl and L/Cintl) and only one ratio 
to ridibunda form. 
T r o p h i c a l spec t rum 
Rana ridibunda is a poliphagous zoophag. Its trophical spectrum consists of 63.5% 
insects and 36.5% other invertebrates. It were identified 11 insect orders, but prevail 
Isopoda (25.18%), Coleoptera (24.48%), Diptera (11.44%), Hymenoptera (11.44%) and 
Araneae (6.16%). (Tab. 1-3.) 
Table 1. Trophical spectrum in Rana ridibunda, in three zones ofCrijul Repede river basin 
category of foodhillock zone 
category of food hillock zonc plain zone (Oradea) plain zone (Hungary) 
10 SDCcimcns 39 spccimcns 11 spccimcns 
69% 88% 25% 
50% Coleoptera 40% Coleoptera 34% Odonata 
15% Diptera 20% Hymenoptera 19% Hymenoptera 
15% Hymenoptera 20% Diptera 19% Diptera 
INSECTS 10% Odonata 7% Heteroptera 13% Coleoptera 
8% Heteroptera 3% Odonata 9% Heteroptera 
2% Ortóptera 2% Lepidoptera 6% Ortóptera 
2% üermoptera 
2% Homoptcra 
1 % Neuroptera 
OTHER 31% 12% 75% 
INVERTEBRATES 67% Gastropoda 80% Araneac 95% Isopoda 
28% Araneac 10% Isopoda 4% Gastropoda 
5% Acariña 10% Opiliones 1% Araneae 
TOTAL 100% 100% 100% 
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herbivorous 









Diptera Sirfidae 1.06% 
Hymenoplera Tentredinidae 1.33% 
Apoideae 1.06% 
TOTAL4.25% TOTAL 21.80% 
carnivorous 
Coleóptera Ditiscidae 0.53% 








Hymenoptera Braconidae 0.26% 
Vespidae 4.25% 
Neuroptera 0.26% 
TOTAL 6.40% TOTAL 26.31% 
omnivorous HvmenoDtera Formicidae 4.54% 
Isopoda 25,00% 
Diptera Muscidae 10,38% 






Homoptera Aphidae 0.53% 
TOTA 0.79% 
TOTAL 10.92% TOTAL 89.08% 
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Table 3. Percentage of different invertebrate categories (h=herbivorous; c=carnivorous; 
o=omnivorous; d=detritivorous) in Rana ridibunda food, from different authors: 
l=Niculescu and Fuhn, 1963; 2=Sin and colab, 1975; 3=our results. The percentage 
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Discussion 
Concerning the trophical spectrum, one can assert that Rana ridibunda is an eurytroph 
carnivorous. Niculescu and Fuhn (1963) find 156 invertebrate taxa in green frogs from "1 
Mai" natural reserve (Petea town, close to Oradea), while Sin and colab. (1975) find 124 
invertebrates taxa in Rana ridibunda from Jijia complex (Danube Delta). 
The former find that in Petea prevail as number Collembola, Hymenoptera and 
Diptera. The latter find that prevails Coleoptera, Hymenoptera and Gastropoda. Our results 
show that Coleoptera, Diptera and Hymenoptera are prevailing of insects and Isopoda and 
Araneae prevail of other invertebrates. 
A difference between collecting sites is observed: in the first and second points prevail 
insects, while in Hungary prevails Isopoda that, together with Gastropoda and Araneae 
make up 75% of the food. We suppose that, concerning the trophical spectrum, Rana 
ridibunda consumes practically the most available food in each habitat, and probably has 
no preferences. 
It is necessary to mention the cannibalism trend of Rana ridibunda. Many authors 
record it. Niculescu and Fuhn assert that cannibalism occurs only in large specimens, and 
that seems to be negatively correlated with diminution of other trophical element 
abundance's; similar, they find numerous records of fish eaten by Rana ridibunda. Popescu 
(1973) studying a Rana ridibunda population in Razelm lake (close to Black Sea Coast), 
find that vertebrates (fish and amphibians) make up 0.70% numerical and 26.6% 
gravimetrical of green frog food. Sin and colab. (1975) assert that Rana ridibunda adults 
feed selectively, preferring fish, as number and as weight, followed by ranids or other 
anuran species (Bufo bufo juveniles - 19 specimens found in a green frog stomach). 
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The green frogs participate in numerous trophical chains, both in aquatical and 
terrestrial habitats, by consuming different invertebrate and vertebrate categories. It is 
especially involved in terrestrial trophical chains, taking about 90% of food from these 
habitats. It consumes detritivorous (35.64%), carnivorous (26.31%) and herbivorous 
(21.8%) invertebrates. It is less involved in aquatical habitat, the percentage of consumed 
invertebrates being only 10%. 
Our results are roughing similar to those of other authors. After Niculescu and Fuhn, 
the green frogs of Petea consume only 3.1% aquatical invertebrates, while Sin and colab. 
Find a percentage of 8.6% aquatical invertebrates consumed, the majority of food being 
obtained in terrestrial habitats. It is necessary to specify that these results are numerical, 
being counted the number of consumed animals. In the first authors (Niculescu and Fuhn, 
1963), of 3063 invertebrates, 1499 were Collembola, but they only weighed 0.17 grams, 
and they made up 51.5% of detritivorous. Similarly, in the second authors (Sin and colab.) 
of 2804 invertebrates, 902 were Homoptera. They didn't mention their weight, but the 
percentage of terrestrial herbivorous in the food of green frog was 48.5%. It should be 
found a formula to calculate together - number and weight, because these results are 
incomplete. The real problem is that small invertebrates or their fragments are difficult to 
weight. 
Conclusion 
- Rana ridibunda is a zoophagous poliphag. 
- On basis of our study trophical spectrum contains 63.5% insects and 36.5% other 
invertebrates; 
- 11 insect orders were identified, but prevail Isopoda (25.18%), Coleoptera (24.4%), 
Diptera (11.44%) and Hymenoptera (11.44%); 
- of other invertebrates it prevail Isopoda and Araneae; 
- concerning the trophical spectrum, there are differences between collecting points; Rana 
ridibunda consumes practically the most available food in each habitat; 
- Rana ridibunda participate in terrestrial trophical chains consuming 89.08% of food 
from terrestrial habitats and only 10.92% of food from aquatical habitats. 
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The avifauna of the Cri^/Koros1 rivers 
István Kohl 
A b s t r a c t 
This study gives a summary of earlier and recent data concerning the birds fauna of 
Cri$/Kor6s rivers. In the table can follow the prelevance of the identified 254 species of 
birds in the valley of the respective rivers. The author particularly emphasises the 
importance of Cefa fishponds (1000 ha) and RSdvani wood (230 ha) from ornithological 
point of view and considers that the total protection of these areas must be realised without 
any hesitation. 
Keywords: Crij/Korfis rivers, avifauna, protected area proposal. 
I n t r o d u c t i o n 
The four rivers spring in the Apuseni Mountains and leave the country in the west of 
the country. Their upper reach is similar to all common mountain rivers and usually the 
same bird species can be found there. 
These four rivers — the BarcSu/Berettyo, the Cri§ul Repede/Sebes-K6ri>s, the Cri$ul 
Negru/Fekete-K6r6s and the Cri$ul Alb/Feher-K6r6s — flow together towards the plain 
where in spite of the river-bed regulations they produce many damp living-space. The 
avifauna of these territories is very rich, because approx. 180 bird species are living here. 
The best known avifauna is at the Crijul Repede, this is the best studied place (see 
bibliography). 
1 The first name is Romanian, and the second Hungarian. 
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Discussion 
From the Barcáu river valley we can mention 89 species. Among the mountains 
Troglodytes troglodytes, Phoenicurus ochruros, Sylvia atricapilla, Phylloscopus 
trochilus.P. collybita, P. sibilatrix, Fringilla coelebs, Turdus merula, Pernis aviporus, 
Falco subbuteo, Falco tinnunculus are very frequent. Above the meadows sings the A lauda 
arvensis, on the damp places we can find the Saxícola rubetra. It is not absent from the 
bushes of the valley the Eritachus rubecola and the Luscinia megarhynchos, or the 
different warbler species: eg. Sylvia nisoria, S. borin, S. curruca, S. communis and the 
Hippolais icterina. We can find everywhere flocks of Sturnus vulgaris, Motacilla alba, 
Lanius collurio, as mentioning only the best known species. But at Marghita for example 
the Gyps fulvus has occurred, too (14). 
On the lower reach of the river the avifauna becomes richer, in the migration period 
cranes (Grus grus) often stay here (2), and geese (Anser anser) are also here sometimes by 
thousands. Through the whole year Otis tarda pairs stay here (9, 10). Here, where the 
territory is rich in damp places and puddles, are frequent the nests of Vanellus vanellus. 
Fúlica atra or even of Limosa limosa, too. The Larus ridibundus and Chlidonias niger can 
often be found. In this region stork (Ciconia ciconia) nests were also numerous in 1958 (1). 
The Cri$ul Repede springs on 710 m height above sea level and it is the longest river 
among the four, the richness of its avifauna is also striking. The bibliography mentions 
approximately 180 species, and on the upper reach a few alpine species is present, like: 
Nucifraga caryocatactes, Cinculus cinculus, Parus ater, Cerhia familiaris, Montícola 
saxatilis, Regulus regulus, Motacilla cinerea, Ficedulaparva. Falco subbuteo, Buteobuteo 
and Fringilla coelebs. 
In the ravine at Vadu Crijului (Cri§ Straight) the Tichodroma muraría (22), Emberiza 
cia (18), Prunella modularis is present and perhaps here is the northest observation point 
of the Apus melba in our country (14). The Tringa hypoleucos and Bubo bubo is native here 
(22). 
After the river leaves the mountains the number of the bird species becomes greater 
and "rarities" are found, too. As winter guests we find here the Gavia arctica and Gavia 
stellata, from the grebes the Podiceps auritus (24), from the heron species the Egretta 
garzetta and Ardeola ralloides. We find here the Melanitta fusca and the Clangula 
hyemalis. Of course besides of other migratory species we can mention the Grus grus, 
Calidris alba, Arenaria interpres, Phalaropus lobatus (24) Plectrophenax nivalis (20), 
Stercorarious pomarinus (28) and the number of the stationary species is also great. 
In 1972 the Cri§ul Repede valley were found 76 stork nests and in a peculiar way they 
appeared in a greatest frequency in the basin of Huedin (19). 
The number of the singing birds is over 70, among them the species of the following 
families or genera: Alaudidae, Hirundinidae, Corvidae, Paridae, Turdus, Phylloscopus, 
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Ficedula, Anthus, Motacilla, Fringilla and Emberiza make the picture varied (see the list of 
species !) (12, 13,21,22, 24, 25, 26,27). 
The black Cri$ul Negru is the shortest river and the number of the species according 
to the bibliogryphy is approximately 80, but this number can be attributed to the fact that 
this territory was less studied. 
On the upper reach we find the Tringa hypoleucos, Columba palumbus, Cuculus 
canorus, Alcedo atthis, Nucifraga caryocatactes, Corvus corax, Pants ater, Loxia 
curvirostra and the Pyrrhulapyrrhula, and other species complete the whole list. (23). 
On the lower reach we already find Ardea cinerea, Accipiter genlilis, Accipiter nisus, 
Buteo buteo, Falco subbuteo, Picus viridis, P. canus. The line is finished by species of 
Corvus, Parus, Turdus and Lanius. (8). 
In the plain region the Coracia garrulus, Merops apiaster are common species, but we 
must mention that we found rarities like the Pastor roseus (16), Tadorna feruginea(33), or 
the Neophron percnopterus (30), and once a juvenile Bubulcus ibis was found not too far 
from the border in 10. 22.1993. (8). 
Among the avifauna of the white Cri$ul Alb we can mention approximately 100 
species. On the upper run of the river the species are the same as the species described on 
the Crijul Negru. On the lower reach more interesting species were studied. As a curiosity 
we mention that next to the border exists one of the Otis tarda population of the country, 
approx. 24 specimen. (31). Near the Anas platyrhynchos, Anas crecca, A. querquedula, A. 
penelope, A. clypeata and Aythya ferina is present the Aythya fuligula. On the damp 
territories, especially in migration period, very many species are counted. There is present: 
Grus grus, Gallinula chloropus, Fulicula atra, Pluvialis squatarola, P. apricaria, 
Charadrius hiaticula and different Caladris species like Calidris alpina, C. temminckii, C. 
ferruginea, C. alba, Philomachus pugnax, Tringa erythropus, T. totanus, T. nebularia, T. 
ochropus, Gallinago gallinago, Numenius arquata. The Larus ridibundus is frequent. In 
this region can be mentioned real "rarities" like Falco cherrug (11), Stercorarius 
parasiticus (7). The Numenius phaeopus can also be found here. (7). 
The bibliography describes many singing bird species, we mention only a few: 
Panurus biarmicus, Remiz penduUnus, Luscinia megarhynchos, Lanius excubitor, 
Motacilla Jlava and Corvus sp. (29, 32). 
This short survey does not exhaust the avifauna of the four rivers region, but if we add 
to it the birds around Cefa and the neighbouring fish ponds introduced in the followings, 
then the number of the species touches 253, that means the 70 % of the national species. 
At the edge of the plain, between two Cri? lie the fish ponds of Cefa. One part of these 
were formed when the Canalul Cri$urilor was made in 1905. Later the lake system was 
enlarged so much that nowadays lies on a 1000 ha territory. This large wetland is visited 
by many birds. Due to the data of bibliographical (38) and recent studies (personal 
communication by Péter Pap and Zoltán Szabó D.) approximately 159 bird species are 
present here. Many birds hatch here (69 species), among these are Glareola pratincola as 
rare species; the Chlidonias hybrda 15-20 pairs; the Podiceps eristatus 15-20 pairs and 1-2 
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pairs of Podicepsgriseigena, mentioning only the very interesting species (Pap and Szabó, 
35,38). 
Here are present all the five Podiceps species, the two Phalacrocorax species and 
besides the Bubulcus ibis all the Ardea species. Ciconia ciconia, Ciconia nigra, Plalalea 
leucorodia, twelve Anas species, three Mergus species: Mergus albellus, M. serator, M. 
merganser. Among the predatory birds we found the Milvus migrans, Haliaétus albicilla, 
Hieraaétus pennatus, Pandion haliaétus. Circaetus gallicus, Falco cherrug, F. peregrinus 
(11, 12); Buteo buteo, B. lagopus. Circus aeruginosas, C. cyneus; Grus grus and Porzana 
porzana, P. parva; species of Calidris and Tringa. As remarkable rarity we mention the 
Chettusia leucura. Here can be also found Himantopus himantopus and Recurvirostra 
avosetta, Larus sp. and Chlidonias sp. Besides these species approximately 40 
Passeriformes species are present on this territory. In the neighbourhood lies the Rádvani 
wood (230 ha) where the largest Ardea population exists. As it can be observed from the 
bibliography, that in 1970 there were 373 Nycticorax nycticorax, 86 Ardea cinerea and 2 
Egretta garzetta nests. (37). According to the new data (Pap and Szabó) in 1996 there were 
520 Ardea cinerea and 85 Nycticorax nycticorax, and in 1997 there were counted 338 
Ardea cinerea. 105 Nycticorax nycticorax and 15-20 Egretta garzetta nests (Pap and 
Szabó). 
This region is very important from the avifauna point of the view and if we take into 
consideration the fact that on the other part of the border exists a similar region then we 
consider that the total protection of these territories must be realised without any hesitation. 
Over the border in the region of Biharugra 198 bird species arc described, this is an 
uncompleted list. Here many interesting species are present, too. We mention only few of 
them because the two regions are very similar according to avifauna point of view. 
Here was found the Pelecanus onocrotalus, Plalalea leucorodia, Tadorna tadorna. 
but here stays sometimes the Haliaaétus albicila, Pandion haliaétus and Falco peregrinus. 
Great Grus grus flocks rest here and numerous species of the Tringa genus. Passseri formes 
species in reeds are also very frequent. (6,9, 10, 15, 34, 35, 36). 
Although this territory has lost from its originality because of the drainage in the last 
century, the remained damp places need a whole protection, that the aquatic birds - that are 
not acquainted to borders - might find their living necessities. 
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Table 1 .1 = Barcäu/Berettyö; 2 = Cri§ul Repede/Sebes-Körös; 3 = Cri§ul 
Negru/Fekete-Körös; 4 = Cri?ul Alb/Feher-Körös; 5 = Cefa; 6 = 
No. Species 1 2 3 4 5 6 
1 Gavia stellata + + 
2 Gavia arctica + + + 
3 Podiceps ruficollis + + + + 
4 Podiceps nigricollis + + + + + 
5 Podiceps auritus + + 
6 Podiceps grisseigena + + + 
7 Podiceps cristatus + + + 
8 Phalacrocorax carbo + + 
9 Phalacrocorax pygmeus + 
10 Pelecanus onoerotalus + 
11 Botaurus stellaris + + + 
12 Ixobrychus minutus + + + 
13 Nycticorax nycticorax + + + 
14 Ardeola ralloides + + + + 
15 Bubulcus ibis + 
16 Egretta alba + + + 
17 Egretta garzetta + + + 
18 Ardea cinerea + + + + + + 
19 Ardea purpurea + + + 
20 Ciconia ciconia + + + + + + 
21 Ciconia nigra + + + 
22 Plalalea leueorodia + + 
23 Plegadis falcinellus + + 
24 Branla rufficollis + 
25 Anser ans er + + + + 
26 Anser albifrons + + 
27 Ans er erytropus + 
28 Anser fabalis + 
29 Cygnus olor + 
30 Cygnus cygnus + 
31 Tadorna ferruginea + 
32 Tadorna tadorna + + 
33 Anas platyrhynchos + + + + + 
34 Anas crecca + + + + 
35 Anas strpera + + 
36 Anas penelope + + + + 
37 Anas acuta + + + 
38 Anas querquedula + + + + + 
39 Anas clypeata + + + + + 
40 Aythya ferina + + + + 
No. Species 1 2 3 4 5 6 
41 Aythya nyroca + + + + 
42 Aythya fu lígula + + + 
43 Aythya mari la + + 
44 Melanitta fusca + 
45 Clan gula hyemalis + 
46 Rucephala clangula + -t- + 
47 Mergus albellus + + 
48 Mergus serrator + + 
49 Mergus merganser + 
50 Pernis apivorus + -t-
51 Milvus milvus + 
52 Milvus migrans + + -l-
53 Haliaétus albicilla + + 
54 Accipiter gentilis + + + -t-
55 Accipiter nisus + + + + 
56 Buteo lagopus + -t- + 
57 Buteo buteo + + + + + 
58 Buteo buteo vulpinus + 
59 Hieraaétus penna tus + 
60 A qui la clanga + 
61 A quila pomarina + 
62 Aquila heliaca + 
63 A quila chrysaetos + 
64 Neophron percnopterus + 
65 Gyps fulvus + 
66 Circa étus galli cus + 
67 Circus cyaneus + -f-
68 Circus macrourus 
69 Circus pygargus 
70 Circus aeruginosus + + + + 
71 Pandion haliaétus + + 
72 Falco cherrug + + 
73 Falco peregrinus + + + 
74 Falco subbuteo + + + -t-
75 Falco columbarius + 
76 Falco vespertinus -t- + + + + 
77 Falco tinnunculus + -t- + + + + 
78 Perdix perdix + + -t- + + 
79 Coturnix coturnix + + + + + + 
80 Phasianus colchicus + + + + + + 
81 Grus grus -t- + + + + + 
82 Rallus aquaticus + + + + 
83 Porzana porzana + + + 
84 Porzana parva + -t-
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85 Crex crex + + + + + 
86 Gallínula chloropus + + + + 
87 Fulica atra + -t- + + + 
88 Otis tarda + + + + 
89 Haematopus ostralegus + 
90 Charadrius hiaticula + + -t- + 
91 Charadrius dubius + + + + 
92 Pluvialis apricaria + + + 
93 Pluvialis squatarola + + + -t-
94 Vanellus vane tins -t- + + + + 
95 Chettusia leucura + 
96 Arenaria interpres + + + 
97 Calidris minuta + + 
98 Calidris temminckii + + + 
99 Calidris alpina + + + + 
100 Calidris ferruginea -t- + + 
101 Calidris alba + + + • 
102 Philomachus pugnax + + + + 
103 Limicola falcinellus + 
104 Tringa erythropus + + + 
105 Tringa tot anus + + + 
106 Tringa s/agnatilis + 
107 Tringa nebularia + + + + 
108 Tringa ochropus 4- + + + 
109 Tringa glareola + + 
1 10 Tringa hypoleucos + + + + 
11 1 Limosa limosa -t- + + + 
1 12 Numenius arquata + + + + 
113 Numenius phaeopus + + 
114 Scolopax rusticóla + + + + + 
1 15 Gallinago gallinago + + + + 
1 16 Himantopus himantopus + + 
1 17 Recurvirostra avosetta + + 
1 18 Phalaropus lobatus + + 
119 Glareola pratíncola + + 
120 Stercorarius pomar inns + + 
121 Stercorarius parasiticus + 
122 Larus minutus + + 4 
123 Larus ridibundus + + + + + 
124 Larus fuscus + 
125 Larus argentatus + + + + 
126 Larus can us + + + + 
127 Chlidonias niger + + + + + 
128 Chlidonias leucopterus + + + 
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129 Chlidonias hybrida + 4- 4-
130 Hydroprogne tsc he grava 4-
131 Sterna hirundo 4- 4- 4-
132 Sterna albifrons + 
133 Columba palumbus + 4 4- 4-
134 Streptopelia decaocto 4- + 4- 4- 4- 4-
135 Streptopelia turtur 4- + 4- 4-
136 Cuculus canorus 4- + 4- 4- 4- 4-
137 Tyto alba 4- 4-
138 Bubo bubo + 4-
139 Asió o tus 4- + 4- 4- 4-
140 Asió flammeus + 4-
141 Athene noctua 4- + 4- 4- 4- 4-
142 Strix aluco 4- + 4-
143 Caprimulgus europaeus 4- + 4- 4-
144 Apus a pus + 4- 4-
145 A pus melba + 
146 Alcedo atthis 4- + 4- 4- 4-
147 Merops apiaster 4- 4- 4- 4-
148 Coradas garrulus 4- 4- 4- 4- 4-
149 Upupa epops 4- + 4- 4- 4-
150 Jynx torquilla + 4- 4- 4- 4-
151 Picus viridis 4- + 4- 4- 4- 4-
152 Picus canus 4- 4- 4- 4- 4-
153 Dryocopus martius 4- 4-
154 Dendrocopus major 4- 4- 4- 4- 4- 4-
155 Dendrocopus syriacus 4- 4- 4- 4-
156 Dendrocopus medius 4- 4-
157 Dendrocopus leucotus 4- 4-
158 Dendrocopus minor 4- + 4-
159 Picoides tridactylus 4-
160 Galerida cristata 4- 4- 4- 4- 4- 4-
161 Lullula arbórea 4- 4-
162 A lauda arvensis 4- 4- 4- 4- 4-
163 Riparia riparia 4- 4- 4-
164 Hirundo rustica 4- 4- 4- 4- 4- 4-
165 Delichon urbica 4- 4- 4- 4- 4-
166 Oriolus oriolus 4- 4- 4- 4- 4- 4-
167 Garrulus glandarius 4- 4- 4- 4- 4- 4-
168 Pica pica 4- 4- 4- 4- 4- 4-
169 Nucifraga caryocatactes 4- 4-
170 Corvus monedula 4- 4- 4- 4- 4- 4-
171 Corvus frugilegus 4- 4- 4- 4- 4- 4-
172 Corvus corone cornix 4- 4- 4- 4- 4- 4-
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173 Corvus corax + + + + 
174 Panurus biarmicus + + + 
175 Parus palus/ris + + + + 
176 Par-us ater + + + 
177 Parus caeruleus + + + + + 
178 Parus major + + + + + 
179 Aegythalos caudatus + + + + + 
180 Remiz pendulinus + + + 
181 Sitta europaea + + + + + 
182 Tichodroma muraria + 
183 Certhia familiaris + + 
184 Certhia brachydactyla + + 
185 Cinclus cirtclus + 
186 Troglodytes troglodytes + + + + + + 
187 Saxicola rubetra + + + 
188 Saxicola torquata -t- + + + 
189 Oenanthe oenanthe + + -t-
190 Monticola saxatilis + 
191 Phoenicurus ochruros + + + 
192 Phoenicurus phoenicurus + + + 
193 Erithacus rubecula + + + + + 
194 Luscinia megarhynchos + + + + + + 
195 Luscinia svecica + 
196 Turdus pilaris + + + 
197 Turdus torquatus + 
198 Turdus merula + + + + + 
199 Turdus iliacus + 
200 Turdus philomelos + + + + + 
201 Turdus viscivorus + + + 
202 Locustella luscinioides + + 
203 Locustella naevia + 
204 Acrocephalus paludicola + 
205 Acrocephalus schoenobaenus + + + 
206 Acrocephalus palus tris + + 
207 Acrocephalus scirpaceus + + + 
208 Acrocephalus arundinaceus + + 
209 Hippolais icterina + + + 
210 Sylvia nisoria + + 
21 1 Sylvia borin + + 
212 Sylvia atricapilla + + + + 
213 Sylvia communis + + + 
214 Sylvia curruca + + + + 
215 Phylloscopus trochilus + + + 
216 Phylloscopus collybita + + + + + 
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217 Phylloscopus sibilatrix + + + + 
218 Regulus regulus + + 
219 Regulus ignicapillus + 
220 Ficédula hypoleuca + 
221 Ficedula albicollis + + 
222 Fi cédula parva + 
223 Muscícapa striata + + + + 
224 Prunella modular is + + 
225 Anthus campestris + + + 
226 Anthus trivialis + + + 
227 Anthus praterisis + + 
228 Anthus spinoletta + + 
229 Motacilla flava + + + + + 
230 Motacilla cinerea + + 
231 Motacilla alba + + + + + + 
232 Bombycilla garrulus + + 
233 Lanius collurio + + + + + 
234 Lam us minor + + + + + + 
235 Lanius excubitor + + + + + 
236 Stur mis roseus + 
237 Sturnus vulgaris + + + + + + 
238 Passer domesticus + + + + + + 
239 Passer montanus + + + + + + 
240 Fringilla coelebs + + + + 
241 Fringilla montifringilla + 
242 Serinus serinus + 
243 Carduelis chloris + + + 
244 Carduelis spinus + + 
245 Carduelis carduelis + + + + + + 
246 Carduelis cannabina + + + 
247 Loxia curvirostra + 
248 Pyrrhula pyrrhula + + + 
249 Coccothraustes coccothraustes + 
250 Emberiza calandra + + + + 
251 Emberiza citrinella + + + + + + 
252 Emberiza cia + 
253 Emberiza schoeniclus + + + + 
254 Plectrophenax nivalis + + 
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Ecological condition and the recommended Red List 
of the Cri^/Koros1 river system 
Andrei Sárkány-Kiss & Kunigunda Macalik 
Abstract 
This concluding study analyses the ecological condition of the river system. Its 
statements are based on the statements of the authors of this book. Although the polluted 
sections are not very long, the ecological condition and the living organisms of these rivers 
are endangered by the seriously high content of xenobiotics. The hydrotechnical works 
have a negative effect on the quality of the water. The red list concerns only the Cri$/KSros 
Basin. In this Basin there are a lot of valuable areas which should be protected. 
Keywords: Cri$/K8r8s Rivers, ecological condition, Red List. 
Discussion 
The statements of this concluding study are based on the statements of the authors of 
this book, and the red list was accomplished according to the their suggestions, too. 
The condition of the river system (Cri§ul Alb/Fehér-Körös, Cri§ul Negru/ 
Fekete-Körös, Cri§ul Repede/Sebes-Körös and Barcáu/Berettyó) rivers is relatively good 
compared to other Transylvanian rivers. The observed pollution are not causing spectacular 
changes, only on some short sections of the rivers. On the lower reach of the three 
Cri$/Körös rivers we identified associations and species whose presence indicate to fairly 
good water quality. For example, in all the three Crij/Körös rivers the presence of the 
Plecoptera, Ephemeroptera and Bivalvia fauna is significant. 
Only on the 1st site the Cri$ul Alb/Fehér-Körös river can be considered as being in 
a natural state. This fact is supported by the studies from this book. On the 2nd sampling 
site the dam constructions at Miháileni caused significant changes. On the 3rd site 
(downstream at Brad) a great influence of the drainage and the waste-water can be noticed. 
1 The first name is Romanian, and the second Hungarian. 
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These two human effects break the continuous areal of such sensitive species like the 
Plecoptera, Ephemeroptera species and Ancylus fluviatilis snail. The abundancy of the 
Oligochaeta species is considerably high, as the consequence of the sediments rich in 
organic matter. Due to the natural clearing, the condition of the river is getting better before 
the 5th site (Alma?); this is why the Ancylus fluviatilis snail reappears. It is only from the 
5th site that we could find the Unionida shells, although the 3rd and the 4th sites could well 
be suitable for their spreading; it is quite probable that they had stocked this reach in the 
past. On the middle and lower reach of the river the wooded territories are few, the river is 
bordered with agricultural land; so the river is affected by antropogenous influences. On 
the lower reach of the river the sensitive shell and fish species are present, but their heavy 
metal content is very high, this endangers their survival. Because of the heavy metal content 
we classified them into the" vulnerable" category of the red list. Before the 6th sampling 
site a dam tightens the river-bed down to Gyula (14th site). The dam is very close to the 
river-bed, thus the river ceases to have a flood area. During the regulation of the river-ways 
the bends were cut through, and because of this the overall view of the river resembles a 
canal. On the plain the slow water-run of the river creates favourable states for the 
eutrophication. 
The Crijul Negru/Fekete Körös, like the Cri$ul Alb is undisturbed only at its spring 
area (8th site). At §tei (9 site) residual and waste-waters flow into the river, and drastically 
change the biocenosis. At the 8th site the rare Plecoptera and Ephemeroptera species and 
the Ancylus fluviatilis snail are still present. They have disappeared from site 9. The 
Trichoptera species, belonging to the Hydropsychidae family, and the less sensitive 
Ephemeroptera species have survived. At this site, as the water is polluted with organic 
matters, the Oligochaeta species have the highest abundancy, especially the Limnodrilus 
hoffmeisteri and the Tubifex tubifex, the latter appearing only here and being present in a 
high number. At Borz (10th site) we observed higher diversity. The benthonic fauna is 
made up of Ephemeroptera, Odonata and Trichoptera species. Similarly, the diversity of 
the zooplankton is due to the better water quality. It is here that the unionid shells appear 
for the first time. The appearance of the submerged macrovegetation is indicated by the 
high trophic level. Besides the biological epuration of the waters, this relatively better 
condition due to a strong physico-chemical clearing, since in the Borz Straight the river has 
a faster water run and becomes richer in oxygen. At Tinea (11th site) the slower run of the 
river places down more and more sediments and organic matters, this is relevant by the 
benthonic fauna and by the content of the zooplankton: the diversity is lower. The 
zoobenthon is made up mostly by filtering organisms like Unionida, Tricophtera, which 
have great influence in the natural purification. The slow run of the river and the thicker 
sediment is due to the extreme growth of the submerged vegetation. At Zerind (site 12) and 
at Gyula (site 14) the associations indicate a slow and euthrophic water; this can be noticed 
especially in the composition of the zooplankton and the macrophyta vegetation. This reach 
of the Crijul Negru, like the Crijul Alb is canalised and straightened within a dam-system. 
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The upper stream of the Cri§ul Repede/Sebes Körös (from $aula to the inflow of the 
Drágán stream) has a very slow run. From the marsh springs it carries much organic matters 
and deposes a thick muddy sediment in this slightly sloping river-bed. Organisms typical 
to the hilly section stock the river. After the inflow of the Drágán stream the Cri§ul Repede 
runs down on a steeper slope, and before the Cri§ Strait the lad stream joins in. Here the 
Plecoptera, Ephemeroptera, Trichoptera and Gastropoda species begin to appear, which are 
typical to mountain region. From time to time the lad stream comes rushing into the Cri§ul 
Repede with a great amount of cold water, which is absolutely damaging to the benthonic 
fauna and for the fish fauna. In the Vadu Crijului defile among the limestone rocks the river 
runs down in a steep slope, the water speed reaches 1,5 m/sec. Although the water is clean 
and rich in oxygen, the Plecoptera and Ephemeroptera species, which are typical to 
mountain region, are missing. This fact is probably due to the deep (sometimes 1,5 m) and 
fast running water. From the defile to the Ale?d locality the river condition is good, it is 
stocked by species characteristic to a submountain region. At Ale?d the organic matter load 
is growing, and the human influence is strong, due to the water-supply engineering works 
on the river. Between Ale$d and Oradea two dams have been built and the third is being 
constructed now right before Oradea. The constructions completely the river-bed, between 
the two dams the water runs in cemented canals, which is absolutely unfavourable for the 
living organisms that assure the natural purification. In the completed dam-lakes the 
deposition of the sediment has started and the first living organism characteristic to lake 
environment have appeared, for example the Anodonta cygnaea. On this reach it is in the 
old river-bed that we found the most varied benthonic fauna; but this is endangered, 
because the water is directed to a new, cemented river-bed. At Fughiu sampling site the 
river-bed preserves its natural state, but water-supply engineering works are in process near 
the river. Here too the riverside groves are missing, and agricultural territories surround the 
river-bed. Downstream to Oradea at Cheresig site the industrial (this city has a highly 
developed chemical industry) and the household waste-water, as well as the pollution of 
the stock-raising farms leave their marks on the river biocenosis. While taking the samples, 
we found dead shells which indicate poor water quality. On the plain region to Szeghalom 
the eutrophication process is going on; this fact is proved by the greenish colour of the 
water and by the presence of many aquatic weeds 
The river-head of the Barcáu/Beretttyó river is on a hilly region, its water has a very 
good quality, it is rich in trout (Salmo Iruilafario) to Boghi§ sampling site. It can be stated 
that the river is very polluted starting from the region of Suplacu de Barcáu, where the 
oil-pollution resulting from oil production was very significant, especially in 1994. 
Similarly, at Sántimreu we still could not find more exigent benthonic species except some 
Odonata species; but the quality of the water is improving after the oil-polluted section. 
This fact is proved by the presence of the Sphaerium rivicola species. The oil-pollution has 
not taken place without any consequences. It is very likely that from this river the following 
fish species have died out: Leuciscus leuciscus, Gobio kessleri, Sabanejewia aurata and 
Gymnocephalus schraetseri. On the Hungarian section of the river Berettyó, at Szeghalom, 
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the water has a very slow run, the presence of the weeds in a large number indicates a high 
trophic level, and the river is stocked by Gastropoda species, typical to still waters. We got 
ascertained of the fact that in this river the Anodonta cygnea existed in the recent past, 
because we found the shells of younger and older samples with unharmed ligament; but we 
couldn't identify living individs. During the research the iridescent oil layer came to the 
water surface from the disturbed sediment. 
The speed of the Kettős-Körös and Hármas-Körös rivers, pressed between 
dam-system, is very slow. The slow water, together with a high organic and nutritive 
content, favours the eutrophication. The high level of eutrophication is also indicated by 
the high content of chlorophyll-a of the water. 
Final conclusions 
In the Cri§/K6ros Basin on the middle and lower reach of the studied rivers we found 
significant human influences which have three main sources: 
1. The absence of the contiguous forests and the extensive agriculture strongly affect 
the rivers. 
2. The hydrotechnical works (barrages, dam-systems and dam-lakes and the river 
regulation in general) have a negative effect on the quality of the water. 
3. The industrial and the household waste-water is rather significant in several 
sections. Some elements of the fauna are endangered by a seriously high content of 
xenobiontics. 
4. In the Basin of the Crij/Koros Rivers there are a lot of important areas wich should 
be protected, such as: Vadu Cri$ului Strait, thermal springs at Rabagani and Baile 
Episcopejti, Cefa fish ponds and Radvani wood. 
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The recommended Red List of the Cri$/Körös Rivers Basin 
The following red list has been compiled on basis of the suggestions of this volume's 
authors, according to the IUCN categorisation. We are aware of the fact that this list is not 
complete, and that the included species reveal only the momentary condition of the 
research. However, we do hope that this red list will serve as the basis of a new and more 
elaborate list. 
This red list concerns only the Cri$/K6r5s rivers Basin. 
Ex = disappeared; cited in the bibliography or make part of a collection, 
but not found during the last 50 years. 
Pisces 
Gobio kessleri Dybows. (Barcau) 
Lota lota L. (Barcau) 
Aves 
Gyps fulvus (Habl.) 
Ex? = not found again during the research 
Macrophyta 
Acorns calamus L. 
Aldrovanda vesiculosa L. 
Andromeda polifolia L. 
Betula pubescens Ehrh. 
Carex appropinquata Schumacher 
Carex lasiocarpa Ehrh. 
Cladium mariscus (L.) Pohl. 
Drosera rotundifolia L. 
Mars ilia quadrifolia L. 
Ophioglossum vulgatum L. 
Rhynchospora alba (L.) Vahl. 
Sparganium minimum Hill. 
Vaccinium oxycoccos L. 
Wolffia arrhiza (L.) Horkel 
Heteroptera 
Aphelocheirus aestivalis Fabr. 
Hydrometra gracilenta Horv. 
Pisces 
Aspius aspius (L.) (Barc3u) 
Barbus barbus (L.) (Barc3u) 
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Chondrostoma nasus (L.) (Barcäu) 
Cottus gobio L. (Drägan, Barcäu) 
Gymnocephalus schraetser (L.) (Barcäu) 
Leuciscus idus (L.) (Barcäu) 
Leuciscus leuciscus (L.) (Cr. Negru, Repede, Barcäu) 
Sabanejewia aurata balcanica (Karam.) (Barcäu) 
Zingel streber (Sieb.) (Cr. Repede, Barcäu) 
Zingel zingel (L.) (Cr. Repede) 
Aves 
Falco cherrug Gray 
Neophron percnoplerus (L.) 
E = endangered with immediate disappearance; population drastically reduced 
to a critical number, endangered with immediate disappearance (Ex) 
if the perturbing factors continue to exist 
Macrophyta 
Blackstonia perfoliata (L.) Huds. 
Carex pauciflora Lightf. 
Hottonia palustris L. 
Montia fontana L., (M. vema Necker) 
Nymphaea lotus L.: var. thermalis (DC.) Tuzs. 
Potamogeton obtusifolius Mert. et Koch 
Potamogeton trichoides Cham, et Schlecht. 
Salix aurita L. 
Salix rosmarinifolia L. 
Scheuchzeria palustris L. 
Schoenoplectus michelianus L. (Dichostylis michelianus (L.) Nees) 
Stellaria palustris Retz. 
Swertia perennis L. 
Swertia punctata Baumg. 
Vallisneria spiralis L. 
Gastropoda 
Melanopsisparreyssi Phill. 
Theodoxusprevostianus C. Pfeiff. 
Bivalviva 
Pseudanodonta complanata Ross. 
Ephemeroptera 
Oligoneuriella rhenana Imh. 
Pisces 
Thymallus thymallus (L.) (Cr. Repede, Drägan) 
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Amphibia (Cr. Repede and Barciu) 
Pelobates fuscus (Laur.) 
Reptilia (Cr. Repede and BarcSu) 
Coronella austriaca Laur. 
Elaphe longissima (Laur.) 
Emys orbicularis (L.) 
Vipera berus (L.) 
Aves 
Otis tarda L. 
Pandion haliaetus (L.) 
Falco peregrinus (Tunst.) 
V = vulnerable; decreasing population due to antropogenous influences. 
They may be species with still abundant population, 
yet because of the disturbing factors they are likely to be 
to be transferred to the ,,E" category. 
Macrophyta 
Acorellus pannonicus (Jacq.) Palla 
Alisma gramineum Lej. 
Angelica archangelica L. 
Carex magellanica Lam. 
Elatine ambigua Wigth. 
Elatine hexandra DC. 
Elatine hungarica Moesz 
Eriophorum vagina turn L. 
Limosella aquatica L. 
Menyanthes trifoliata L. 
Myosurus minimus L. 
Nymphaea alba L. 
Nymphoides peltata (Gmel.) 0 . Ktze. 
Pedicularis limnogena A. Kern. 
Pedicularis palustris L. 
Ranunculus circinatus Sibth. 
Ranunculus lateriflorus DC. 
Ranunculus peltatus Schrank 
Sagittaria subulata (L.) Buch. 
Mol lusca 
Anodonta anatina L. 
Melanopsisparraeyssi Phil. 
Theodoxus prevostianus L. 
Unio crassus Phil. 
Unió pictorum L. 
Unió tumidus Phil. 
Tr ichoptera (Cr. Alb) 
Oecismus monedula Hagen 
Plecoptera 
Dinocras cephalotes Curtís 
Isoperla rivulorum Pictet 
Ephemeroptera 
Baelis alpinas Pict. 
Ecdyonuras dispar Curt. 
Ecdyonurus fluminum Pict. 
Ecdyonurus insignis Etn. 
Ecdyonurus venosus Fabr. 
Ephemera danica Müll. 
Habroleploides modesta Hägen 
Polymitarcis virgo Oliv. 
Potamanthus luteus L. 
Pisces 
Abramis brama (L.) (Barcäu) 
Alburnoides bipunctatus (Bloch), (Dragan, Barcäu) 
Gobio uranoscopus frici Vladykov (Cr. Repede) 
Salmo trutta fario L. (Cr. Alb, Repede, Barcäu) 
Amphibia (Cr. Repede and Barcäu) 
Bombina bombina (L.) 
Bufo viridis Laur. 
Hyla arbórea (L.) 
Reptilia (Cr. Repede and Barcäu) 
Lacerta viridis (Laur.) 
Podareis muralis (Bilz) 
Aves 
Anser anser (L.) 
Aquila chrysaelos (L.) 
Aquila clanga Pall. 
Aquila heliaca Savigny 
Ardea purpurea L. 
Asioßammeus (Pontopp.) 
Aythya nyroca (Güld.) 
Bot auras s te Itaris (L.) 
Bubo bubo (L.) 
Ciconia nigra (L.) 
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Circaetus gallicus (Gmel.) 
Chlidonias hybrida (Pall.) 
Crex crex (L.) 
Egretla garzetta (L.) 
Falco subbuteo L. 
Falco vespertinus L. 
Grus grus (L.) 
Haliaetus albicilla (L.) 
Hieraaetuspennatus (Gmel.) 
Nycticorax nycticorax (L.) 
Phalacrocorax pygmaeus (Pall.) 
Platalea leucorodia L. 
Plegadis falcinellus (L.) 
Podiceps griseigena (Bodd.) 
Tichodroma muraria (L.) 
Tyto alba (C. L. Brehm) 
R = rare; species with reduced population, which are not yet endangered 
by „E" or „V", but the danger is still present. 
Macrophyta 
Adoxa moschatellina L. 
Aster tripolium L. ssp. pannonicus (Jacq.) Beck 
Blysmus compressus (L.) Panz. 
Callitriche cophocarpa Sendtn. (C. polymorpha Lönnr.) 
Callitrichepalustris L. em. Druce (C. verna L.) 
Carex buekii Wimm. 
Carex limosa L. 
Carex pendula Host. 
Centaurium littorale (D. Turner) Gilmour (C. uliginosum (W. et K.) G. Beck) 
Centunculus minimus L. 
Ceralopohytlum submersum L. 
Chrysanthemum serotinum L. 
Dryopteris carthusiana (Vill.) H. P. Fuchs 
Eriophorum gracile Koch 
Heracleum palmatum Baumg. 
Juncus filiformis L. 
Juncus gerardi Lois. 
Juncus thomassii Ten. 
Lemna gibba L. 
Ludwigiapalustris (L.) Elliot 
Lysimachia nemorum L. 
Nuphar lutea (L.) Sibth. et Sm. 
Potamogeton lucens L. 
Potamogeton pusillus L. 
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Sparganium emersum Rehmann (S. simplex Huds.) 
Stratiotes aloides L. 
Trollius europaeus L. 
Valeriana sambucifolia Mi kan 
Valeriana simplicifolia (Rchb.) Kabath 
Zannichellia palustris L. 
Rotatoria 
Brachionus bidentata Anderson 
Brachionus bidentata crassispineus Hauer 
Brachionus diversicornis homoceros Wierz. 
Brachionus nilsoni Ahlstrom 
Cephalodella fluviatilis Zawadowsky 
Cephalodella limosa (Wulfert) 
Cephalodella mucronata (Myers) 
Cephalodella obvia (Donner) 
Cephalodella theodora K.och-Althaus 
Dicranophorus epicharis (Harring et Myers) 
Encentrum wisznieivski (Wulfert) 
Encentrum fluviatilis Wulfert 
Encentrum oculatum (Harring et Myers) 
Encentrum orthodactylum (Wulfert) 
Eosphora thoa Harring et Myers 
Epiphanes macrourus (Barrois et Daday) 
Hexarthra fennica (Levander) 
¡tura viridis (Stenroos) 
Lecane ohioensis appendiculata (Levander) 
Lecane stichaea Harring 
Lindia torulosa Dujardin 
Metadiaschiza trigona Rousselet 
Paradicranophorus hudsoni (Glascott) 
Postclausa hyptopus (Ehrenberg) 
Proales theodora (Gosse) 
Pseudoharringia similis Fadeew 
Ptygura melicerta (Ehlenberg) 
Rotaría iridens Montet 
Sinantherina procera (Thorpe) 
Taphrocampa selenura Gosse 
Trichocerca agnata Wulfert 
Trichocerca dixon-muitali (Jennings) 
Trichocerca insignis (Herrick) 
Trichotria curta (Skorikov) 
Biva lv ia 
Sphaerium corneum L. 
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Sphaerium lacustre O.F. Müll. 
Sphaerium rivicola Lam. 
Trichoptera (Cr. Alb) 
Oecetis notata Rambur 
Oecetis testacea Curtis 
Setodespunctatus Fabricius 
Heteroptera 
Chartoscirta cincta Herr.-SchaelT. 
Chartoscirta cocksi Curtis 
Gerris argentatus Schümm. 
Gerris costai Herr.-Schaeff. 
Hebrus ruftceps Thom. 
Limnoporus rufoscutellalus Latr. 
Macrosaldula scotica Curtis 
Macrosaldula variabilis Herr.-Schaeff. 
Microvelia pygmaea Duff. 
Notonecta viridis Delc. 
Saldula melanoscela Fieb. 
Saldula palustris Doug. 
Saldula pilosella Fabr. 
Plecoptera 
Dinocras megacephala Káp. 
Perla grandis Rambur 
Rhabdiopteryx alpina Küht. 
Rhabdiopteryx neglecta Alb. 
Ephemeroptera 
Baétis fuscatus L. 
Bactis muticus L. 
Caenis rivulorum Eaton 
Epeorus assimilis Etn. 
Hepiagenia sulphurea Müll. 
Rhithrogena semicolorata Curt. 
Syphlonurus lacustris Eaton 
Coleoptera - Dytiscoidea (Cri$ul Alb and Negru) 
Hyphydrus ovatus (L.) 
Ilybius ater (Deg.) 
Pisces 
Abramis ballerus (L.) (Cr. Alb, Repede, Barcäu, Hármas K.) 
Abramis sapa (Pall.) (Cr. Negru, Hármas K.) 
Alburnus alburnus (L.) (Barcäu) 
Aspius aspius (L.) (Cr. Repede) 
Barbus peloponnesius petenyi Heckel, (Drágán) 
Blicca bjoerkna (L.) (Cr. Repede) 
Cobitis taenia danubialis Bacescu (Hármas K., Barcáu) 
Cottus gobio L. (Cr. Alb) 
Eudontomyzon danfordi Regan, (Cr. Alb, Negru, Repede, Drágán) 
Gobio kessleri Dybow. (Hármas K.) 
Gymnocephalus balonii Holcik and Hensel, (Cr. Repede) 
Gymnocephalus cernuus (L.) (Cr. Alb, Negru, Repede, Drágán) 
Leuciscus cephalus (L.) (Drágán) 
Lola Iota (L.) (Cr. Alb, Negru, Repede, Hármas K.) 
Percafluviatilis L. (Barcáu) 
Phoxinus phoxinus (L.) (Barcáu) 
Rhodeus sericeus (Bloch) (Hármas K.) 
Rutilus rutilus (L.) (Barcáu) 
Sabanejewia aurata balcanica (Karam.) (Hármas K.) 
Silurus glanis (L.) (Cr. Alb, Negru, Repede) 
Stizostedion lucioperca (L.) (Cr. Repede) 
Stizostedion volgense (Gmel.) (Cr. Alb, Negru, Hármas K.) 
Vimba vimba (L.) (Hármas K.) 
Zingel streber (Siebold) (Hármas K.) 
Zingel zingel (L.) (Cr. Alb, Negru, Hármas K.) 
Amphibia (Cr. Repede and Barcáu) 
Bombina variegata (L.) 
Bufo bufo (L.) 
Rana arvalis Nilss. 
Rana dalmatina (Bonap.) 
Rana temporaria (L.) 
Salamandra salamandra (L.) 
Triturus alpestris (Laur.) 
Triturus eristatus (L.) 
Triturus vulgáris (L.) 
Reptilia (Cr. Repede and Barcáu) 
Anguis fragilis (Nord.) 
Laacerta vivípara Jacq. 
Natrix tesselata (Laur.) 
Aves 
Anas strepera L. 
Anser albifrons (Scop.) 
Anser fabalis (Lath.) 
Anthus pratensis (L.) 
Apus melba (L.) 
Aguila pomarina C.L. Brehm 
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Ardeola ralloides (Scop.) 
Aylhyafuligula (L.) 
Aylhya marila (L.) 
Bombycilla garrulus (L.) 
Calidris alba (Pall.) 
Circus aeruginosas (L.) 
Clangula hyemalis (L.) 
Chlidonias leucopterus (Temm.) 
Dendrocopos minor (L.) 
Dryocopus martius (L.) 
Egrella alba (L.) 
Ember iza cia L. 
Ficedula parva (Bechst.) 
Gallinago gallinago (L.) 
Gavia arctica (L.) 
Glareola pratincola (L.) 
Himanlopus himanlopus (L.) 
Hippolais icterina (Vieill.) 
Hydroprogne tschegreava (Lepechin) 
Lan ius excubilor L. 
Larus fuscus L. 
Limicola falcinellus (Pont.) 
Luscinia svecica (L.) 
Melanilla Jusca (L.) 
Mergus merganser L. 
Mergus serrator L. 
Milvus migrans (Bodd.) 
Monlicola saxatilis (L.) 
Numenius phaeopus (L.) 
Pernis apivorus (L.) 
Phalaropus lobalus (L.) 
Pluvialis apricaria (C.L. Brehm) 
Pluvialis squatarola (L.) 
Podiceps nigricollis C. L. Brehm 
Recurvirostra avosetta L. 
Remiz pendulinus (L.) 
Sturnus roseus (L.) 
Tringa hypoleucos L. 
I = undetermined status; species in ,,E", ,,V" or ,,R", 
but there is not enough information to define it exactly. 
Macrophyta 
Polygonum bistorta L. 
Rumex stenophyllus Ldb. 
Suaeda maritima (L.) Dumort 
Aves 
Arenaria interpres (L.) 
Asio otus (L.) 
Bucephala clangula (L.) 
Charadrius hi alien I a L. 
Chlidonias niger (L.) 
Dendrocopos medius (L.) 
Plectrophenax nivalis (L.) 
Seolopax rusticola I 
Sterna albifrons Pall. 
Sterna hirundo L. 
K = not well known; species considered to be exposed to danger, 
but there is not enough valid information. 
Macrophyta 
Cicerbita alpina (L.) Wallr. 
Cirsium helenioides (L.) Hill. (C. heterophyllum (L.) Hill.) 
Iris sibirica L. 
Iris spuria L. 
Moehringia muscosa L. 
Myriophyllum verlicillalum L. 
Senecio Jluviatilis Wallr. 
Sicyos angulata L. 
Taraxacum palusire (Lyons) Symons 
Triglochin pa I us Iris L. 
Trichoptera (Cr. Alb) 
Hydropsyche modesla Navas 
Heteroptera 
Velia raulii Tarn. 
Ephemeroptera (Cr. Repede) 
Baetis vermis Curt. 
Baetis scambus Etn. 
Habrophlebia laula Mc.L. 
Torleya belgica Lest. 
Aves 
Acrocephalus schoenobaenus (L.) 
Alcedo atthis (L.) 
Anas acuta L. 
Anas clypeala L. 
Anas crecca L. 
Anas penelope L. 
Anthus campestris (L.) 
Anihus spinolelta (L.) 
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Apus apus (L.) 
Aythyaferina (L.) 
Branta ruficollis (Pall.) 
Calidris alpina (L.) 
Calidris ferruginea (Pont.) 
Calidris minuta (Leisl.) 
Calidris temminckii (Leisl.) 
Caprimulgus europaeus L. 
Circus cyaneus (L.) 
Circus macrourus (Gmel.) 
Circus pygargus (L.) 
Emberiza schoeniclus (L.) 
Falco columbarius L. 
Ficedula albicollis (Temm.) 
Ficédula hypoleuca (Pall.) 
Haematopus ostralegus L. 
Jynx torquilla L. 
Lanius minor Gmel. 
Larus canus L. 
Larus minutus Pall. 
Limosa limosa (L.) 
Locustella luscinioides (Savi) 
Locustella naevia (Bodd.) 
Luscinia megarhynchos C.L. Brehm 
Mergus albellus L. 
Milvus mihus (L.) 
Numenius arquata (L.) 
Panurus biarmicus (L.) 
Phalacrocorax carbo (L.) 
Picoides tridactylus C.L. Brehm 
Podiceps auritus (L.) 
Porzana parva (Scop.) 
Porzana porzana (L.) 
Rallus aquaticus L. 
Serinus serinus L. 
Stercorarius parasiticus (L.) 
Stercorarius pomarinus (Temm.) 
Streptopelia turtur (L.) 
Tadorna ferruginea (Pall.) 
Tadorna tadorna (L.) 
Tringa erythropus (Pall.) 
Tringa glareola L. 
Tringa nebularia (Gunn.) 
Tringa ochropus L. 
Tringa slagnatilis (Bechst.) 
Tringa totanus (L.) 
Andrei Sarkany-Kiss and Kunigunda Macalik 
University Babef 
Department of Ecology-Genetics 





János Tardy: Foreword 5 
Andrei Sárkány-Kiss, Nicolae Gáldean, Nicolae Miháilescu:Description 
of the sampling sites along the rivers in the Cri§/Körös Basin 7 
Mihály Andó: Hydrographic description of the Körös/Cri§ riversystem 15 
Sámuel JakabThe geography of the Körös/Cri$ river system 37 
Constantin Drágulescu Kunigunda Macalik: The aquatic and paludal flora 
and vegetation from the Crij/Körös Valleys 47 
— Zsolt Molnár, István Bagi, Éva Kertész: Vegetation and flora 
of the Hármas-Körös river (Hungary) with some historical remarks 81 
József Hamar, Katalin Zsuga, Alpár Fodor, Michaela Ponta: Chemical characteristics 
of the water and sediment of the Cri$/Körös river system 103 
Zsófia Fodré, Lévai Istvánné: Hygienic bacteriological study 
of the Hungarian section of the Körös river system 115 
István Grigorszky, Judit Padisák, Gábor Borics, Gábor Vasas: Data 
on the knowledge of Peridinium palatinum Lauterborn (Dinophyta) 
in Körös area (SE, Hungary) 123 
Katalin Zsuga: The ecological condition of the Cri$/Körös catchment area 
on the basis of planktonic fauna 135 
Katalin Zsuga: Long-term zooplankton investigations in the Hungarian section 
of the Körös catchment area 153 
András Szító, Katalin Mózes : The Oligochaeta and the Chironomid fauna 
as pollution indicators in the Crij/Körös river system 165 
Andrei Sárkány-Kiss, Fiorina Bolo§, Eszter Nagy :Freshwater molluscs 
from the Crij/Körös rivers 195 
Andrei Sárkány-Kiss: Structure and aspects of dynamic of the unionid associations 
of the Crijul Alb/Fehér-Körös river at Ineu 203 
Andrei Sárkány-Kiss, Alpár Fodor, Michaela Ponta: Bioacumulation of certain 
heavy metals by unionidae molluscs in Cri§/Körös rivers 209 
András Szító: Macrozoobenthos biomass in the back-waters with different 
water supply 221 
396 
András Szító: The crude oil pollution effect on the macrozoobenthos 
in the river Barcáu/Berettyó 231 
Nicolae Gáldean, Gabriela Staicu, Petru Bacalu: The assessment 
of lotic ecosystems from the hydrographical unity Cri$/Körös river system, 
according to the benthic associations 243 
Cristina Buzan, Andrei Sárkány-Kiss: A study of the plecoptera species 
in the White, Black and Rapid Crij/Körös river system 263 
Kinga E. Csia, Andrei Sárkány-Kiss: The comparative study of ephemeroptera 
fauna in the Cri§ul Repede/Sebes-Körös river and in one 
of the Murej/Maros section 269 
Attila Kecskés: Occurrence of amphibious bugs, water bugs and ground bugs 
in the catchment area of the Cri§ul Alb, Crijul Negru and Crijul Repede rivers . 275 
Adrian Ruicánescu: Contribution to the diving beetles and whirligig 
beetles study (Coleoptera: Dytiscoidea, Gyrinoidea) 287 
Lujza Újvárosi: Study on the Trichoptera fauna in the Romanian section 
of the River Cri§ul Alb catchment area 295 
Petru M. Bánárescu, Hie Telcean, Petru Bacalu, Ákos Harka, Sándor Wilhelm: 
The fish fauna of the Cri§/Körös river basin 301 
Andrei Sárkány-Kiss, Michaela Ponta, Alpár Fodor, Ilie Telcean: 
Bioaccumulation of certain heavy metals by fish populations 
in the Cri$/Körös rivers 327 
Tamás Domokos, Károly Bába, fGyula Kovács: The terrestrial snails 
of the Hungarian section of the three Körös/Cri? and the Berettyó/Barcáu rivers 
and their zoogeographical evaluation 335 
Bálint Markó: Contribution to the knowledge of the ant-fauna (Hymenoptera, 
Formicidae) of the Crijul Repede river valley 345 
loan Ghira: Herpetofauna of Crijul Repede/Sebes Körös and Barcáu/Berettyó 
river basins 353 
loan Ghira, Lujza Újvárosy, Gyöngyvér Mara: Trophical spectrum of Rana 
ridibunda and its importance in trophical web in the Cri§ul Repede/Sebes-Körös 
river ecosystems 361 
István Kohl: The avifauna of the Crij/Körös rivers 367 
Andrei Sárkány-Kiss, Kunigunda Macalik: Ecological condition 
and the recommended Red List of the Cri§/Körös river system 381 
X193 7 6 
397 
